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ALABAMA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

CERCLA Reassessment
Courtaulds Fibers, Inc. Site
Mobile County, Alabama

1.  INTRODUCTION

Under authority of the Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA), the Superfund Amendments and Reauthorization Act of 1986 (SARA),
and a cooperative agreement between the United States Environmental Protection Agency
(EPA) and the Alabama Department of Environmental Management (ADEM), a Reassessment
was conducted at Courtaulds Fibers, Inc. (the Site) in Le Moyne, Mobile County, Alabama. The
assessment was to collect information concerning conditions at the Site sufficient to assess the
threat posed to human health and the environment and determine the need for additional
investigation under CERCLA. The investigation included a review of available file information, a
comprehensive target survey, and off-site/on-site reconnaissance.

2. SITE DESCRIPTION AND OPERATIONAL HISTORY
2.1 Location

The Site is at 12740 U.S. Highway 43 in Le Moyne, Mobile County, Alabama. The geographic
coordinates of the Site are 30°57'40.00" north latitude and 88°0'50.00" west longitude
(Attachment 1). The facility is about 2.3 miles northeast of the community of Axis, Alabama
(Figure 1).

The climate of Mobile County is characterized as temperate with hot summers, mild winters, and
precipitation during all months of the year. The average annual rainfall for Mobile, Alabama is
61.89 inches, with a 24-hour maximum of 7.30 inches. The 2-year, 24-hour rainfall for this
region of Alabama is 5.0 inches. The average annual temperature is 67.9°F, with an average
summer temperature of 81.8°F and average winter temperature of 53.4°F (References 1, 2).

2.2 Site Description

The Site is on about 665 acres in a rural/industrial area of north Mobile County, and is bounded
on the north by Akzo Nobel (formerly the Stauffer Chemical Company Le Moyne plant), on the
east by the Mobile River, on the south by DuPont Manufacturing, and on the west by Highway
43. A fence surrounds the perimeter of the Site, and a 24-hour guard is stationed at the
entrance to the property (Att 2). A wastewater treatment plant is east of the manufacturing
building. Two sludge lagoons, each about 5.3 acres in size, are directly east of the wastewater
treatment plant. A limited-waste landfill is north of the sludge lagoons and a non-hazardous
waste landfill is about 1,500 feet west of the Mobile River (Ref 3, Fig 2).

2.3 Operational History and Waste Characteristics
Since 1952, the Site produced synthetic fibers via the viscose rayon process. Waste from this

process was composed of sludge containing cellulose, sodium sulfate, sulfuric acid, carbon disulfide,
zinc sulfate, and hydrogen disulfide. The sludge was initially placed in two lagoons east of the facility



and later in a landfill north of the lagoons. Under a NPDES permit, the Site also discharged various
solvents, metals, and polynuclear aromatic hydrocarbons (PAHs) to the Mobile River, an unnamed
tributary of Cold Creek, and an unnamed tributary of Carter Branch. According to the 1993 SlI, there
have been two remedial investigations (RI) conducted in the area north of the Site. The first Rl was
conducted at the former Stauffer facility in 1988, and contaminants associated with the viscose
process used at the Courtaulds Fibers facility were detected in groundwater samples. During the
second Rl in 1992, mercury was detected in the investigation of Cold Creek Swamp to the north.
There was no known association between mercury and the processes used at the Site; however,
mercury was one of the Site’'s NPDES-regulated parameters and was found in on-site samples
collected during the RI. When the Site was active, air monitoring showed discharges of carbon
disulfate and hydrogen sulfide; these discharges originated from the spinning lines of the viscose
process (Ref 3).

There are two CERCLA sites in the vicinity of the Courtaulds Fibers Site; both were previously owned
and operated by the Stauffer Chemical Company. The Akzo Nobel property to the north of the Site
was the former Stauffer Le Moyne Plant, which has been in operation since 1953 and manufactures
various inorganic chemicals. Directly north of the Le Moyne Plant is the former Stauffer Cold Creek
Plant, which began manufacturing agricultural chemicals in 1966 and is currently owned by Syngenta
Crop Protection (Ref 4, Fig 3). The Stauffer sites were added to the CERCLA National Priorities List
in 1983 based on data collected during a 1982 investigation by U.S. EPA and the Alabama
Department of Public Health. The 1988 and 1992 Rls found that past waste disposal practices at the
former Stauffer plants resulted in the contamination of soils with thiocarbamates and thiocyanate; the
groundwater with carbon tetrachloride, carbon disulfide, and thiocarbamates; and Cold Creek Swamp
sediments and fish species with mercury. The sites were divided into three Operable Units (OU) to
manage the remediation of contaminated groundwater (OU-1), solid waste management units (OU-2),
and Cold Creek Swamp (OU-3) (Ref 5). The Record of Decision (ROD) for OU-1 was issued in 1989
and detailed the modification of existing extraction and monitoring wells, as well as the expansion of
extraction and monitoring systems. Groundwater extraction and monitoring activities for OU-1 are still
being conducted at this time, and the Five-Year Reviews conducted in 1999 and 2005 confirmed that
the activities continue to be protective of human health and the environment. The ROD for OU-2 was
issued in 1995 and detailed the construction of a soil flushing system to accelerate the movement of
cyanide and thiocyanate from the subsurface into the groundwater where the contaminants can be
remediated by the OU-1 extraction and treatment system. In 1999, the ROD for OU-2 was expanded
to include the excavation and off-site disposal of contaminated soils in the Old Neutralization Pond.
The ROD for OU-3 was issued in 1993 and detailed the excavation of contaminated soil from the
Transition Zone area of Cold Creek Swamp and the disposal of soil in the Upper Arm Zone. In 2008,
EPA issued a Proposed Plan to amend the OU-3 ROD to include the installation of an in-situ capping
technology within the Upper Arm Zone to reduce wetland destruction and prevent mobilization of
sediment contamination; the amended ROD for OU-3 was finalized in 2010 (Ref 6, 7).

During the 1993 SI at the Site, surface soil, subsurface soil, sediment, and groundwater samples
collected on-site contained elevated concentrations of inorganic contaminants. Contaminants
associated with the viscose process (zinc, sulfide, and sulfate) were detected at elevated
concentrations in six soil samples, two sediment samples, and four groundwater samples. Arsenic,
copper, chromium, lead, mercury, vanadium, phthalates, Aroclor 1260, and PAHs were also detected
in soil samples at elevated concentrations throughout the Site. Sediment samples collected from the
sludge lagoons contained barium, cadmium, chromium, cobalt, copper, lead, manganese, mercury,
nickel, and toluene. According to the 1993 Sl, the areas of greatest contamination were the sludge
lagoons and non-hazardous waste landfill (Ref 3).



In 1998, Akzo Nobel N.V. purchased Courtaulds Fibers Inc. and the company was split into Acordis
Cellulosic Fibers Inc. and Tencel Inc., the latter of which operated on the west side of the Norfolk
Southern railroad line and east of Highway 43. In 1999, CVC Capital Partners completed a buyout of
Acordis and Tencel from Akzo Nobel N.V.; Acordis Cellulosic Fibers Inc. and Tencel Inc. became
separate corporations, but both remained wholly-owned subsidiaries of Acordis U.S. Holding, Inc.
(Ref 8). In 2001, Acordis Cellulosic Fibers Inc. ceased operations; the Tencel Inc. plant continues to
operate under new ownership as Lenzing Fibers Inc (Ref 9, 10).

In 2003, the Industrial Development Authority of Mobile County assumed ownership of the Site and
contracted Environmental Strategies Corporation to prepare and submit a Voluntary Cleanup Plan to
ADEM for participation in the Brownfield Redevelopment and Voluntary Cleanup Program. In 2004,
ADEM approved the revised Voluntary Cleanup Plan (Ref 11, 12). In the plan, three areas were
identified that warranted voluntary remediation: the fuel oil tanks, above-ground diesel tanks, and the
hydraulic press areas. The plan also contained a proposal to conduct soil removal and restoration of
the former non-hazardous landfill, closure of the sludge lagoons and decant sump, closure of the
flume tunnel and basement area, quarterly groundwater monitoring of selected wells, and the
abandonment of selected groundwater monitoring and production wells (Ref 13).

In 2008, WSP Environment & Energy prepared and submitted a Risk Management Plan (RMP) for
the Site. The purpose of the RMP was to identify what additional corrective actions, if any, would
need to be implemented at the Site. The RMP summarizes the remedial activities that have taken
place at the Site in accordance with the approved Voluntary Cleanup Plan. Potential soil source
areas have been fully characterized and remediated, and ADEM has subsequently recommended No
Further Action for these areas. The RMP did not evaluate the surface water pathway because
groundwater monitoring of the Site indicated that groundwater contamination was not reaching the
Mobile River. Groundwater monitoring at the Site began during the fourth quarter of 2004 and
continued until the third quarter of 2007. During the last four groundwater sampling events, Volatile
Organic Compounds (VOCs) including carbon tetrachloride, TCE, and PCE were detected in several
monitoring wells along the southern property boundary at concentrations above State and Federal
screening values. Because these specific compounds were not historically used in processes at the
Site, it is possible that groundwater contamination may have migrated to the Site from off-site sources
(Ref 9). In 2010, ADEM reviewed and approved the RMP, which had been revised to include a more
detailed assessment of the former septic tank area (Ref 14).

In June 2011, Mobile County granted an environmental covenant on the property to limit future
activities at the Site that might disturb contaminated areas. Under the terms of the covenant, the
property was restricted to industrial use only, and the extraction/utilization of groundwater underlying
the property was prohibited. The covenant restricted any activities such as grading, excavating, and
mining, which would disturb the land around the sludge lagoons, non-hazardous landfill, and septic
tank area (Ref 15). In July 2011, ADEM determined that the Voluntary Cleanup Plan had been
successfully executed, and a Conditional Letter of Concurrence was issued for the Site (Ref 16).

3. GROUNDWATER PATHWAY
3.1 Hydrogeologic Setting
Geologic units that outcrop in Mobile County are of sedimentary origin and include deposits in

the Miocene, Pliocene, Pleistocene, and Holocene Series. The units consist of materials that
range from clay, silt, sand, and gravel to occasional sandstone and limestone layers.



The formations dip to the southwest towards the coast with a dip of about 40 feet per mile.
Although faults and folds exist at depth in the county, no faults or folds exist near the surface at
or near the Site.

The oldest unit exposed in Mobile County is the undifferentiated Miocene which is exposed in
the Southern Pine Hills. The unit consists of marine and estuarine sediments of laminated to
thinly-bedded clays, sands, and clayey sands. The sands range from fine to coarse-grained;
generally the sediments are light colored to mottled.

The Pliocene-Pleistocene age Citronelle Formation overlies the undifferentiated Miocene in
Mobile County. The Citronelle outcrops in the Southern Pine Hills caps many of the hills, ridges,
and plateaus in the Pine Hills. The Citronelle Formation consists of clay, clayey sands, and
sand with gravel mixed with the sands. In contrast to the underlying Miocene sediments, the
Citronelle sediments generally vary in color from brown, red, to orange due to the high iron
content.

Along the southern and eastern portions of Mobile County, relatively flat Pleistocene terraces
occur. These terraces consist of marine, estuarine, and alluvial deposits. These terraces which
are situated in the Coastal Lowlands rest on the undifferentiated Miocene sediments. The
sediments found within the terraces range from very fine to coarse-grained sand, gravel, and
clay; some silt occurs in these areas. The alluvial terraces in the vicinity of the site range to a
depth of about 50 feet or more. The base of the deposits generally consists of coarse-grained
sand with pea gravel. The upper 15 to 20 feet of the deposits consist of clay or sandy clay.

Holocene alluvium consisting of clay, silt, sand, and some gravel and organic material occurs
along streams, rivers, and other drainage and water areas. Depths vary from over 100 feet in
the Mobile-Tensaw Delta to a few feet in smaller drainage ways.

The Site is situated on two different Pleistocene terraces which slope to the south and east.
The highest terrace is at an elevation of about 30 to 40 feet National Geodetic Vertical Datum
(NGVD) and extends from the base of the Pine Hills about 2.5 miles to the west to within .75
miles from the Mobile River. The lowest terrace extends from the above terrace to the river.
Elevation of the lower terrace is between 18 and 24 feet NGVD. Both terraces consist of a top
stratum layer of 15 to 20 feet of clay and sandy clay which overlies substratum sand with gravel
to the undifferentiated Miocene.

The major aquifers in the area are the Pliocene-Miocene aquifer and the alluvial-coastal aquifer.
Although units in each aquifer are lithologically different, they are hydraulically connected. They
respond to stresses as a single aquifer. Wells developed in the aquifer will yield between .5
Mgal per day to 2 Mgal per day depending on which geologic unit is developed as a source.

Iron in excess of .3 mg/L occurs in areas. Generally the water is soft and low in dissolved
solids.

The groundwater flow in Mobile County is generally to the south with some flow off the Pine Hills
eastward towards the delta and bay.

Groundwater flow in the area of the Site is generally to the south and southeast. Surface water
flow in the area of the site is similar to the groundwater flow (Ref 17).



3.2 Groundwater Targets

There are three public water wells and five industrial water wells within a 4-mile radius of the
Site. The public water wells are operated by the Le Moyne Water System, Inc. (LMS) and are
between three to four miles from the Site. LMS is exclusively supplied by groundwater pumped
by the three wells, serving a total population of 3,360. There are no other water systems in the
area that purchase drinking water from LMS. A well-head protection area for LMS is three miles
southwest of the Site (Ref 18, Fig. 4).

Three industrial water wells are operated by U.S. Amines to the north and are between one to
two miles from the Site. A shallow well is used by U.S. Amines to supply drinking water to about
10 workers in the front office. The other two wells are screened deeper and provide drinking
and process water to the main facility and its 40 workers. Water from all three wells is sent
through a treatment system prior to being used for drinking and other purposes (Ref 18).

Two industrial water wells were previously operated by Syngenta Crop Protection, Inc. to the
north and are between one to two miles from the Site. The facility closed in 2010 and the wells
are not currently in use (Ref 18, 19).

Private well use has been previously documented in the area; the 1993 Sl reported that the
nearest household with a private well was about 5,000 feet west of the sludge lagoons. The
2008 Risk Management Plan did not identify any private wells in the vicinity of the Site

(Ref 3, 9).

3.3 Groundwater Conclusions

The nearest active drinking water wells are operated by U.S. Amines and are about 1.75 miles to the
northwest of the Site. Public water wells operated by the Le Moyne Water System are about 3.15
miles to the southwest of the Site. Private well use has been previously documented in the area, but
current use of private wells is not expected in the immediate area surrounding the Site.

Groundwater contamination has been documented on-site as recently as 2007, and there is an
environmental covenant restricting the use of groundwater at the Site. Remedial activities at the
Stauffer Chemical sites to the north may have an effect on groundwater movement and contaminant
concentrations at the Site. According to recent Five-Year Reviews conducted by EPA, groundwater
extraction and treatment systems currently operating at OU-1 to the north have been effective in the
protection of human health and the environment. Because groundwater flow in the area is generally
to the south and east, there is minimal risk of groundwater contaminants migrating southwest towards
public drinking water wells. Groundwater extraction activities at OU-1 to the north have the potential
to affect groundwater movement in the area, which may represent a risk for on-site contaminants to
migrate north towards industrial drinking water wells.

4. SURFACE WATER PATHWAY
4.1 Hydrologic Setting

The Site is on the surface of the Coastal Lowlands on two Pleistocene Terrace surfaces. The
highest surface varies in elevation from 30 to 50 feet NGVD; the lowest surface varies in
elevation from 6 to 25 feet NGVD. The Mobile River Delta is to the east and the Southern Pine
Hills are to the west. The surface slopes to the east to the Mobile River and south towards
Mobile. Surface water flow in the area of the Site is to the south and southeast (Ref 17).



The 1993 Sl indicated that surface water runoff from the Site drains in all four directions to areas
of lower elevation. According to the Sl, surface water drains to the south of the Site into an
unnamed intermittent creek that flows into Carter Branch. Carter Branch flows east for about
three miles through an area of wetlands before converging with the Mobile River. According to
the Sl, surface water drains to another unnamed intermittent creek to the north of the Site. This
unnamed creek flows north for about two miles to Cold Creek, which flows east through a
wetland area for two miles before entering the Mobile River (Ref 3).

The probable point of entry (PPE) for the 15-mile surface water pathway is at the convergence
of northern terminus of Carter Branch with a wetland area to the southeast of the Site; this
represents the farthest downstream PPE. Topographical maps of the area confirm that
elevation slopes to the south and east of the Site towards the Mobile River, as well as to the
north towards Cold Creek (Att. 1).

4.2 Surface Water Targets

There are no public water supply intakes along the 15-mile surface water pathway (Att 1). Mobile
River from its mouth to Spanish River has a use classification of Limited Warmwater Fishery. Cold
Creek from the Mobile River to the Dam 1.5 miles west of U.S. Highway 43 has a use classification of
Fish and Wildlife (Ref 20).

There are several threatened/endangered species in Mobile County that may be found along the 15-
mile surface water pathway: Wood Stork, Mycteria americana (endangered); Gulf Sturgeon,
Acipenser oxyrinchus desotoi (threatened); Alabama Red-belly Turtle, Pseudemys alabamensis
(endangered); Eastern Indigo Snake, Drymarchon corais couperi (threatened); Gopher Tortoise,
Gopherus polyphemus (threatened) (Ref 21). Along the surface water pathway are 28.29 miles of
wetland frontage (Fig 5).

Mobile River at River Mile 31.0 at Bucks, Alabama has a mean annual flow rate of 24,740 cubic
feet per second for Water Years 2003-2010. USGS discharge data for the Mobile River at River
Mile 31.0 at Bucks, Alabama are collected from gauging station 02470629, at 31°00'56" north
latitude, 88°01'15" west longitude (Ref 22). The Site is above the 500-year floodplain (Fig 6).

4.3. Surface Water Conclusions

There are no public water supply intakes along the 15-mile surface water pathway; therefore,
the Site poses a minimal risk to public drinking water resources via the surface water pathway.
During the 1992 RI, mercury was detected in sediments and fish tissue samples from Cold
Creek Swamp to the north of the Site. Although there was no known association between
mercury and the process used at the Site, mercury was one of the Site’'s NPDES-regulated
parameters and was found in on-site samples collected during the Rl. Samples collected during
the 1993 Sl indicated the presence of contaminants in soils, sediments, and groundwater on-
site, which represents a potential for release to the surface water pathway via overland
drainage. Mobile River and Cold Creek have use classifications of Limited Warmwater Fishery
and Fish and Wildlife, respectively; therefore, there is a potential risk to human health through
the consumption of potentially-contaminated fish.

According to the 2008 RMP, potential soil source areas were fully characterized and remediated
and ADEM subsequently recommended No Further Action for the areas. An environmental
covenant for the Site restricts any activities such as grading, excavating, and mining that would



disturb the land around these potential soil source areas. If left undisturbed, these areas
represent a minimal risk of off-site contaminant migration via surface water runoff.

5. SOIL EXPOSURE AND AIR PATHWAYS
5.1 Physical Conditions

The Natural Resources Conservation Service (NRCS) has identified three soil types in the
vicinity of the Site: lzagora-Annemaine association, Izagora- Bethera association and Dorovan-
Levy association soils. |zagora-Annemaine and Izagora-Bethera soils form the terrace surfaces
from the Southern Pine Hills to the Mobile River. Dorovan-Levy soils form the Delta deposits
along the west side of the Mobile River and in the Delta east of the Mobile River.

The terrace soils (Izagora-Annemaine and lzagora —Bethera) are moderately well drained. The
soils vary from clays to silty sand. The soil pH varies from 4.5 to 5.5. The soils perk slowly and
have permeabilities from 0.6 to 2.0 inches per hour.

Delta soils (Dorovan-Levy) are very poorly drained. The soils are generally clays, silts, or muck.
Permeabilities are slow from .06 to 0.2 inches per hour. The soil pH varies from 3.6 to 5.5 (Ref
17).

5.2 Soil and Air Targets

The 2010 US Census states that the average household size for Mobile County is 2.61 persons
per household with population density of 335.9 persons per square mile (Ref 21). The
estimated total population in the 4-mile radius of the Site is 1,790 (Att 1). The population
distribution is summarized in the table below:

Table 1
CERCLA Reassessment
Courtaulds Fibers, Inc. Site
Mobile County, Alabama
Demographic Data
4-mile Radius
Distance From Site (miles) Population
0.00-0.25 0
0.25-0.50 0
0.50-1.0 8
1.0-2.0 276
2.0-3.0 843
3.0-4.0 663
Total Population 1,790

There are no schools or daycare centers within 200 feet of the Site. There are several
residences on the west side of Highway 43 that are not within 200 feet of Site boundaries (Ref



24). A fence surrounds the perimeter of the Site, and a 24-hour guard is stationed at the
entrance to the property (Att 2, Fig 1).

5.3 Soil Exposure and Air Pathway Conclusions

There are no schools, daycare centers, or residences with 200 feet of the Site. A fence surrounds the
perimeter of the Site, and a 24-hour guard is stationed at the entrance to the property. Waste from
the viscose process was composed of sludge containing cellulose, sodium sulfate, sulfuric acid,
carbon disulfide, zinc sulfate, and hydrogen disulfide. The sludge was initially placed in two lagoons
east of the facility and later in a landfill north of the lagoons. Sediment samples collected from the
sludge lagoons during the 1993 Sl indicated the presence of metal and VOC contamination. During
the 1993 SlI, surface and subsurface soil samples collected from several locations throughout the Site
also revealed the presence of metal and organic contaminants.

In the Voluntary Cleanup Plan, three areas were identified that warranted voluntary remediation: the
fuel oil tanks, above-ground diesel tanks, and the hydraulic press areas. In addition, the plan
contained a proposal to conduct soil removal and restoration of the former non-hazardous landfill,
closure of the sludge lagoons and decant sump, and closure of the flume tunnel and basement area.
The 2008 RMP summarizes the remedial activities that have taken place at the Site in accordance
with the approved Voluntary Cleanup Plan. Potential soil source areas were fully characterized and
remediated, and ADEM subsequently recommended No Further Action for these areas. An
environmental covenant for the Site restricts any activities such as grading, excavating, and mining
that would disturb the land around these potential soil source areas. At this time, these areas
represent a minimal risk of soil exposure or air pathway migration.

6. SUMMARY AND CONCLUSIONS

Since 1952, the Site operated as a synthetic fiber facility, producing synthetic fibers via the
viscose rayon process. Waste from this process was composed of sludge containing cellulose,
sodium sulfate, sulfuric acid, carbon disulfide, zinc sulfate, and hydrogen disulfide. The sludge
was initially placed in two lagoons located east of the facility and later in a landfill north of the
lagoons. Sediment samples collected from the sludge lagoons during the 1993 S| showed the
presence of metal and VOC contamination. During the 1993 SI, surface and subsurface soil
samples collected from several locations throughout the Site also revealed the presence of
metal and organic contaminants. The 2003 Voluntary Cleanup Plan submitted to ADEM
proposed to conduct soil removal and restoration in the former non-hazardous landfill and to
close the sludge lagoons, decant sump, and other areas of concern. After the plan was
implemented, ADEM recommended No Further Action for these areas. An environmental
covenant for the Site restricts any activities such as grading, excavating, and mining that would
disturb the land around these potential soil source areas. At this time, these areas represent a
minimal risk for soil exposure and/or air pathway migration. If left undisturbed, these areas also
represent a minimal risk of off-site contaminant migration via surface water runoff. Because
there are no public water intakes along the surface water pathway, the Site poses a minimal risk
to public health through drinking water resources. During the 1992 RI, mercury was detected in
sediment and fish tissue samples from Cold Creek Swamp to the north of the Site. Mobile River
and Cold Creek have use classifications of Limited Warmwater Fishery and Fish and Wildlife,
respectively; therefore, there may be a risk to human health through consumption of potentially-
contaminated fish.



The nearest active drinking water wells are operated by U.S. Amines and are about 1.75 miles to the
northwest of the Site. Public water wells operated by the Le Moyne Water System are about 3.15
miles to the southwest of the Site. Private well use has been previously documented in the area, but
current private well usage is not expected in the immediate area surrounding the Site. Groundwater
contamination has been documented on-site as recently as 2007, and there is an environmental
covenant restricting the use of groundwater at the Site. Because groundwater flow in the area is
generally to the south and east, there is minimal risk of groundwater contaminants migrating
southwest towards public drinking water wells. Groundwater extraction activities at OU-1 to the north
have the potential to affect groundwater movement in the area, which may represent a risk for on-site
contaminants to migrate north towards industrial drinking water wells.

At this time, the Site is being properly managed under ADEM’s Voluntary Cleanup Program. In
July 2011, ADEM determined that the requirements of Voluntary Cleanup Plan had been
successfully executed, and a Conditional Letter of Concurrence was issued for the Site. At this
time, ADEM recommends that No Further Action be taken at the Site under CERCLA.
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REFERENCE 1
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MOBILE, ALABAMA

Period of Record General Climate Summary - Temperature

\ From Year=1930 To Year=1965
| Station:(015483) MOBILE
[ Averages Daily Extremes
X{g:g;?s Daily Extremes Monthly Extremes 11":1 ;]xp Thgl:p
Max.||Min.|[Mean Highl Date |Low| Date Hl\i/ﬁ:?t Year L&::;t Year 9T)=F 3<2=F 3§=F ; ;
dd/ dd/
RpELELEF ())?fyy zl)fyy ¥ . o . D::ys nys ’;jys D:ys
yyyymmdd yyyymmdd

| January ][ 60.9][43.5] 52.2|| 83| 1171949 7| 24/1963] 65.2] sof 39.6] 4o 0.0 02 52 0.0]
| February || 63.6][46.0] 54.8| 82| 28/1948| 031951] 63.9 32 43.9 s8] 0.0 0.0 2.6 0.0]
| March | 68.4][50.9] 59.7] 90]| 30/1946|| 101932 67.3] 45| 53.1] 60l 0.0 0.0 0.7 0.0]
[ April |[75.9][58.8] 67.3| 90 29/1943| 131940]  71.5] 54| 63.4] 50 0.1][ o.0f 0.0 0.0]
[ May | 83.4|66.6] 74.9 99| 31/1951][ 47| 0471954 783] 33 707 54 33| 0.0 0.0] 0.0]
[ June |[89.0][72.6] 80.8| 102 20/1936| 57| 02/1956] 837 s2[ 78.1] 61][ 14.4] 0.0] 0.0] 0.0]
[ July | 90.4][74.3]] 82.3] 103][ 11/1930|| 231947 85.1) 62| 80.5| 50l 19.1] 0.0] 0.0 0.0]
| August [ 90.7][74.1] 82.4|| 101]| 05/1947] 60| 281952 86.0] 51 79.6] 31][20.0] 0.0 0.0] 0.0]
[September][ 86.5][70.2]] 78.4] 99| 11/1954] 49| 28/1942| 82.6] 33| 75.7] 43| 9.7 0.0] 0.0 0.0]
[ October | 79.2][59.9] 69.6] 94| o08/1941] 35 301952 75.7] 41] 62.7] 52 0.7 o.0f 0.0 0.0]
[November]| 68.6][49.7] 59.2| 86| 03/1935]] 22| 25/1950 64.9] 31| 542 32 0.0 0.0] 1.0[ 0.0]
[December][ 62.1][44.5| 53.3] 8ol 10/1943][ 11| 1371962 61.4] 33 44.9][ 3] 0.0 0.0] 3.4 0.0]
[ Annual || 76.6][59.3] 67.9]| 103]| 19300711] 7| 19630124 69.7] 49| 657 40f 67.4] 02| 12.8] 0.0]
[ Winter || 62.2][44.7] 53.4] 83]| 19490111] 7| 19630124] 609 32| 47.4] s8] o.0f 02f 11.2] 0.0]
[ Spring | 75.9][58.8] 67.3| 99| 19510531] 24| 19320310] 71.3][ 55| e3.6] 31 3.5 0.0 0.7 0.0]
[ Summer [ 90.0][73.6][ 81.8][ 103][ 19300711][ 57][ 19560602 83.6] 51| 80.3| 61][53.6] 0.0[ 0.0 0.0]
[ Fall ][ 78.1][59.9] 69.0 99][ 19540011][ 22| 19501125 72.8] 31| 65.1] 52| 10.4] o.0] 1.0] 0.0]

Table updated on Jan 17,
For monthly and annual means, thresholds, and sums:
Months with 5 or more missing days are not considered
Years with 1 or more missing months are not considered

Seasons are climatological not calendar seasons

Winter = Dec., Jan., and Feb. Spring = Mar., Apr., and May
Summer = Jun., Jul., and Aug. Fall = Sep., Oct., and Nov.

Southeast Regional Climate Center, SERCC staff
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MOBILE, ALABAMA

Period of Record General Climate Summary - Precipitation

From Year=1930 To Year=1965

[ Station:(015483) MOBILE i
I Averages Daily Extremes I
Precipitation " Total Snowfall |
s Jlrs=ill =l =
Mean||High||Year|| Low || Year| 1 Day Max. 0_.01 0.10 Q.SO 1'.00 Mean|{High||Year
n. mn. mn. 1mn.
. : N ez RN I P PR R
n. mn. = m. s 1mn. yyyy?rl;mdd Days Days Days Days 1mn. 1m. -
| January || 4.74][14.59| 36| 1.03| s4|s.26] 021936 o 7| 3 1| 0.0] 1.0 64|
| February || 4.18] 7.50] 65| 0.94] 50]3.05] 06/1955] 9 6] 3| 1| 0.0 1.0] 58
| March | 6.44]14.98] 46| 1.34] 63]l6.41] 051935 o 7l 4 2| 00| 1.6] 54
[_aprit_|[s5.70]14.80[ 44] 0.77] 30fe.65 051957 7] e[ 3| 2[ o] o.0f 3]
| May | 4381141 47 040 e2f4.71f 191932 7| s 3] 1| o0.0] o.of 30

[ sune | 5.7513.07 42| 0.56] 30|[5.35] 2271942 10] 7l 4 2 o.0] 0.0 30]

July || 8.08][18.35] 49| 1.13]| 47|5.27) 16/1931] 14 11 s 3| o0.0] 0.0 30]
[ August || 5.26][12.00] 60| 0.78] 62]3.73] 3071950 11| 8 4 2 0.0] 0.0] 30]
[September][ 5.46][15.20] 57| 0.37]_63][7.30] 011932 8 6] 3| 2] 0.0 0.0] 30|
[ October |[ 3.37][18.65] 65| 0.00] 63|5.77] 171937 sl 4] 2| 1] o.0] o.0f 30|
[November][ 3.44][12.09] 48] 0.12] 49]4.53] 07/1943] 6] 5|2 1] 0.0 0.0 30|
[December][ 5.08][13.93] 53| 1.69]| 58]6.04] o04/1955] 9 7 3| 2| 0.0 o.0f 30
[ Annual |[61.89][84.50] 47][33.49] 54][7.30] 19320901] 10s][ 78| 38| 20| o0.1] 1.6] 54|
[ Winter |[14.01][23.60] 36] 7.93|] 57|l6.04][ 19551204 27| 20 9 s o.1] 1.0] s8]
[ Spring |[16.52][35.20][ 47 4.41][ 63]j6.65]| 19570405| 23| 18] 10] 5| 0.0 1.6 54
[Summer |[19.09]32.65] 49| 7.61][ 30][5.35] 19420622 34| 26| 12][ 6 0.0] 0.0 30]
[ Fall [1227]24.60] 57] 3.17][ 38][7.30] 19320901] 20| 15| 7| 4| o0.0f 0.0 30]

Seasons are climatological not calendar seasons

Table updated on Jan 17,
For monthly and annual means, thresholds, and sums:
Months with 5 or more missing days are not considered
Years with 1 or more missing months are not considered

Winter = Dec., Jan., and Feb. Spring = Mar., Apr., and May
Summer = Jun., Jul., and Aug. Fall = Sep., Oct., and Nov.

Southeast Regional Climate Center, SERCC Webmaster
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PREFACE
'l‘bll pubh:luna i3 intended us o dent sumary of I rel worliug guides, sud imups, uieful
in iring ruinfull [ data. It is an oulgmw\h nl’ severul previous Westher Bunm
puhhcmom on this luluu;& prepured under the direction of the author and ug wnd

Division (Willinm E. iliatt, Chiel). Coordiuation with the Soil Conservation Service, Deparunent of Agricuiture, was

of the ideas und results in eaclier papers. This work has been supported and financed by vha Soil Conservation Sarvics,
D-p-nmnn of Agricullure, Lo provide materisl for use in developing planning and deaign criteria for the Wnlnlhd

und Flood P i g (P.L. 566, 83d Congress and as unended).
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uAllI-y of the various rel with previous works of « similsr nature, nlmnru:nl uunpla. discus-
sions of the limitatious of the results, trans{ormstion lrum point W sresl f) , and The l-mml
purt presents 49 ruinfull [requency maps based on s comprel and i ted coll Lo-dut

several reluted maps, snd seasonal varistion disgrams. The rainfsll 1nqw=y (-oplunll) msp- are for selecled
durstions from 30 minules Lo 24 bours snd return periods (rom 1 Lo 100 yeam.

d through Harold O. Ograsky, Chiel, Hydroluogy Braack, E Division, A in the study was
nai"dlnm soveral people. In particulas, the suthor wishes Lo scknowledge the Lelp of Wilksim E. Miller wio

d the I aod duration f and supervised the processiug of all the data; Normales 8. Fost
who supervised the collection of the bssic data; Howard Thompson who prepared Lbs maps for anslysis; Walter T
Wilson, s former call who was isted with the devel of 8 large portion of the matenial prescnted bere;
Mux A. Koliler, A. L. Shands, sod Leonurd L. Weiss, of the Weather Buresu, and V. Mockus sad R. G. Andrews, of
the Soil Conservation Service, who reviewed the manuscript sad made many belpful suggestions. Carull W. Garduer
peclonued ths drafling.
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Figure 12— Example of internal sonsistency check. ... .. L] 0
Figure 13.—Example of utunlmu 1 long reburn periods. [ 8t Z¢é-hour rainlall 0
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INTRUDUCTION
Historical review

Unul sbout 1853, ic and ing design ing ramn-
full frequency dats was bused largely on Yarnell's puper [1] ' which

L u series of g lized maps for several combinatious of
durauons and recwrn periods. Yarpell's maps are based on data
from sbout 200 first-order Weather Bureau stations which main-
tained complete recording-gage records. In 1940, sbout & years
alter Yarnell's puper waus published, s bydrologic network of record-
ing geges wus installed to supplement both the Weather Bureau
recording guges wnd the relstively lurger nunber of wnrmrdmg
guges. The sdditional recording geges have sub

RAINFALL FREQUENCY ATLAS OF THE UNITED STATES
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DAVID M. HERSHFIELD
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this study, four key suaps provided the basic data for these lwo
rolationships which were programmed to permit digitsl computer
computalions for & §500-point grid on each of 45 sdditivual maps.

PART I+ ANALYSES
Basic data

Types of data.—The deta used in this study are divided into three
categories, First, there are the recording-gage data [rom Lhe long-
record finst-order Westher Duresu stations. There are 200 such
slations with records long enough Lo provide adequate results within
lhprmx-nl‘rmpcrmd-nllhuw These data are for the

the smount of short-durstion data by » factor of 20.

‘Weuther Bureau Technical Paper No. £4, Parts I and 1I (2], pre-
pared for the Corps of Engineers in connection with I-hllrnul.lury
conslruction program, wnhuwd the hnt li.udsu covering an ex-
tended sres which d the b k data. The
results of this work showed I.ll-unponnmnul the additioosl data in
defining the short-durstion rainfall frequency regiwme in tho moun-
twinous regiuns of the West. In many instauvces, the differences
between Technical Paper No. 24 and Yarnell reach a factor of Lhree,
with the (orwer generully being lurger. Relationships developed snd
knowledge guined from these studies in the United Siales were then
used Lo prepare similar reports for the mnkl n'mm of North
Alrica [3] sud veveral Arctic regions [4] where gog

ta period ruinfull. Second, thare

are Lhumnrdu;@pd&hd the hydrolugic network which are
published for clock-hour intervals. These dats wers processed for
the 24 consecutive dock-bour intervals contsining the maximum
rainfall—not calendar-day. Finally, there is the very large amount
of noorecording-guge data with observations made oncas daily. Use
wus made of these dats to belp define both the 24-hour raiufull
regine and slso the shorter duration regimes through applications of
empirical relationships.

Station n‘u-.—'[‘h sources of duts arv indicsted in teble 1. The
dsts from the 200 Jong-record Weatlier Buresu stalions were used to
develop 1nost of the relationships whick will be described later. Long
records from more than 1000 stations wers wnslyzed w define the

were

prur-umi between the Weather Duresu and the Soil Conserva-
tion Service began in 1956 for the purpose of defining the depth-
aren-durstion-frequency regune in the Uniled Stules. Technical
Paper No. 86 (5], which wus purily & by-product of previous work
performed for the Corps of Engineers, was tho first paper published
under the sponsorship of the Soil Conservation Service. This paper
contains s series of rainfall intensity-durstion-frequency curves for
200 first-order Weuther Buresu stations. This was followed by
Technical Paper No. 28 |6], which is an npun-on of Technical Paw
No. 24 w longer relurn perivds and Next Lo be publish
were the five purts of the Technical Paper No. 89 series (7], which cover
thie region eust of 80* W. Included in this series are seasonsl varia-
uon on & frequency basis and srea-depth curves so Lhal the point
frequency values can be d to wreal [, . Except
for the region bewween 50° W. und 105° W., Lhe United

lutionships for the rarar frequencies (return perioda), and statistics
from short portions of the recard [rom sbout 5000 stations wers used
a8 an aid indnlnnglhln.iannlp-lhnlnrhz-y-rnlumpuﬁul\
Several th d addilional stations were considered bul not plotted
where tha station density was adjudged to be adequata.

Period and length of record —The nonrecording shori-record deta
were compiled lor the period 1838-1057 and long-record dala from
the earliest year available through 19567. The recording-gage data
cover the period 1940-1858. Dala [romn the long-record Weather
Bureau slalious were processed through 1958. No record of less
than five yesrs was wed (o estimate ths 2-year vulues.

Tavist |.—Suurces of puint rainfall datu

Stutes has been covered by generalized run.ldl froquency studies
prepured by the Weather Bureau since 1953,
General upprosch
The cppcouh followed in the present study is busically thal

uuilized in (6] and [7). In these refleronces, simplitied durstion and
return-period relationships sand several key nsps wers und Lo deter-

No, of Aversge Heference
Duration slalions length of Ne.

record (yr.)
JU-min. W d4-he . 200 ® 9,10
b I

(recan 3

i i 3400 I
Debty {nonresarding) 1428 a ]

mine additional combinations of return pesiods and dureti In

Clock-h i 8. I<diy wh. 1440-mirute
rainfali—~In on.lu w uplou uu clock-hour snd cbeervational-day
data, it Wes Decessary Lo determins umr !dsunmhlp w th- 60-
minute and 1440-mi periods the rainfall.
It was found that 1.13 times & rainfall value for & particulsr return
period on & series of snnusl meximum clock-bour rainfalls
vnqmvmwth-munlluthnmlumwwdomd
from » series of 60-mioute rainfalls. By coincidence, it was found
that the same (actor can hn-dtnku.lnrmohnnaﬁnnﬂdny

w di g 1440-mi: d m
)llr““" L 'mn!.lﬂ(nr"" ) equals 1.13

Limes n-year observaticoal-dsy (or clock-hour) rainfall, u not hunlJ.
on & csusal relationship. This is so sverage index i

cause of the arbitrary begiuning and endiug on tue bour, & serica
of thess date provides statistics which wre slighuly smaller in wag-
nitude toun those frow the 1440-minute seriss  The sverage biss
was flound to be spproxunstely oce parcent. Al such data io this
puper bave been niju-ud by thia factor.

Station ezposure.—In refined soalysis of mean snoual sid mean
seasonsl rainfall data it is necessary W evaluate siation exposures
by methods such ss double-mass curve soalysis [14]. Sucs methods
do ook appesar to apply to extreme values. Except for some sub-
jective selections (particularly for loug records) of stations tLat have
bad consistent exposures, no stiempé bas been made Lo sdjust reis-
hll nlnu 0 & standard exposure. The effects of varying axposure

idy included in the areal ling error sod are probably

mmhmmoquhudlmmhnﬂdlm
d di ive Lime ioter-

nh lnsddmm th-nnu-lmumﬂmnr.htwmfardu

sams year frorn ions do not il

from the ssme storm. &-phudmpnmddmdmmw

unwllnﬁ.unlvhnh-hannrypdm\.

84 conaccutive clock-heur ruinfoll w. 1540-minuls rainfell —The

recording-gage dals were collected fram published sources for the

% ive clock-h ining the i rainfall. Be-

l"n‘d.nullnlh-pw-ollnmdun‘hboﬂnﬂdhm

Eain or snow.—The term rsinfull bas been used iv reforcace to
all durations even though some snow as well as rain is included in
some of the smaller 24-bour amounts for the high-elevation statious.
Comparison of arrays of all ranking snow events with those known
to bava only rain has shown trivial differences in the f{requency
relations for seversl higb-elevation statious lested. The heavier
(rarer [requency) 34-bour eveats and all short-durstion eveals con-
sist entirely of rain.
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Figuas L.—MNelation betwesn 2-yesr 60-minute ralnfall and 3-year clock-bour rainfall; relaucn Letwesn 2-ysar |440-misute rainfall and S-year observatiunal-day
raiofall
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Fruons 2.— Rawiall depib-dursilon disgram.

Durstion analysis

Duration interpolation diagram.—A generalized durstivu relstion-
sbip was developed with which the rainfall depih for & selected
return period can be computed for sny duration between | und 24
bours, when the I- sad 24-hour values for that particulur return
period wre given (see fig. 3). This generslization was obtasined
empirically from data for the 200 Weather Bureau firsi-order sta-
tions. To use this diagram,  sirsightedge is laid across the values
giwven for | sad 24 bours and the values for other durations are resd
st the proper intersections. The quality of this relationship fur the
2- sod B-hour durations is illustruted in figures 3 and 4 lor statious
with & wide range in reinfall magnitude,

Redationahip between 30-minuie and 60-minute réinfoll,—If & 30-
mioute ordinate is positioned to the laft of the 60-minyts ordinats
on the durstion interpolation disgrun of figure 2, acceptable esti-
mates can be wisde of the J0-minute reinfall. This relationship
was used iu seversl provious studies. However, testa showed that
betler resulls can be obtained by simply nuluplym. tha 80-minuts
ruinfall by the sverage 30- Lo G0-minute ratio. The empirical re-

used for the 30-minute rainfall is 0.79 times
tho 60-minute rainfell. The quality of this relstionship is llusicated
in figure 8.

Frequency aoalysis
‘I\n typu of aeries —This di requires d of two
and lyzing intense ruinfall data. One

method, u-mgl-\npuu.l{unuunml,mnludu-“:h.hx;h values,
The other uses the wunusl series which consists ouly of the highest
value for each your. The highest value of record, of courss, is the
top value of such series, but al lower frequency lovels (shurter return
periods) the two series diverge. The uration series, having
hmmvduurqudkudmymhwhiuhdnyw,mr
nizes thai the second highest of some yoar occusionally excecds the
highest of some other your. Th-purpn—mhmwbylhluu
require hat Lbe results be in terms of partial-dursti
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Fiovaz 3.—Relation between observed Z-ycar -hour ralniall sad Z-year 3-Lour
minlall somputad fram durstion disgram.
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Fiuvss 4.— Ralstion between olarved 2-year 6-bour rainfall sad 2-year S-bour
runfall computed (rom durstion diagrain.

frequencies. In order to wvoid lsborious processing of partisl-
dunun-dlu,llumnllmwmulhcud Anllylld sod the
d to partial-d
ﬁnwm}uﬁu}rbanm.-—'l‘nbhl,hudulnmphnll
oumber of widely scaitered Wosthor Buresu first-order stalions,
gives the empincal factors for ting the partisl-durstion series
to the anousl series.
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RETURN PERIOD IN YEARS, PARTIAL ~DURATION SERIES

Fiouse 7.—Ruin(sll depth versus returs period.

EXAMPLE. i the %, &, sod 10-year purtiakdutation series values
estimated (rom the maps st & particular puiot ere 3.00, 3.76, and 4.21
n-— reapestively, what sre u- lnluul surica values lor correspouding
factors of

retury perioda?

tabils 3 gives 3.64, l-“.nadt.lfll_
The quslity of the relationship between the mean of the purtinl-
durstion series sud the mean of the snnusl scries duts for the 1-, 8-,
sud 24-bour durstions is illustrated io figure 6. The means for both
surivs we equivalent Lo he 2.3-year return perivd. Tests with
wamples of record length from 10 to 60 yeurs indicate that the fsctors

of table 3 are independent of record length.

Tawid 3.—Bmpiricsl foctara for converting partial-duration

series 1o annvol series

Hetusn period Converaion fuetor

pes
8&Z

d-year.
it

Freguency conswderations.—Extreme values of ruinfull depth furm
s [requency dnmbuunn which may be defined in tonns d it wo-
ments, 1 af L I of rainfull distrib wilh
lengths of record ordinurily encountervd in practice (less Lhun 50
years) indicate that thess records ure Lov short W provide relinble
slatistica beyoud the first sud second momeut. Tle distribution
must therafore be ded wu s [ of the firnst two moments.
Thl—ynrvdm.nnmmnllh-ﬂn&mnb—lhmntnl

= C3 2 ¥

I T T i
\/_\ DISTRIBUTION OF 1- HOUR STATIONS
~ >

e

. >
L= TR

: S L U -

‘ R :
Bl i

-
\
\

\

\
—

of the distril The relutivnsbip of the 2-year lo the
mo-rnr n.lln is & measure ul the second moment—tibe dispersion
of the d These two 2-yewr sud 100-year

raunfall, are used in conjunction with the return-period disgram of
figure 7 for estimating values for other return periods.
Conatruction of relurn-period diagram.—Tha return-period disgrun

of figure 7 is bused on data from the longrecard Wealher
Buresu stations. The spacing of the vertical lines ou the diagran
is partly enpirical sod partly i Frow 1 1o 10 years it is
entirely empirical, bused on froshand curves drawn thrvugh plottings
of partisl-durstion series duts. For the 20-ysur sod looger return
p-nd-ndau—v-ﬁ:dnnlh-ﬂmnh-lyuadunhtﬂmu
sanual series dats Lo lh Fﬂm-'ﬁppl.s type 1 distribution [165].
The iLion Wes ly between 10- and 20-yeur
relun periods. um.uvu_wummmm-mam
100 years are taken from the return-period disgram of figure 7, con-
varted to sonual series values by applying the factors of Lable 2, and
plotted on either Gumbel or log-normal puper, Lhe poiuls will very
nearly spprozimasie s strnight line.

Fiouaz 8.— Distribution of I-baur saucas.

Use of dicgram.—The two intercepls noeded for the frequency
relution iu the disgram of figure 7 are the 3-your values obtuined
!mmllnﬂ-_rurmp-.adbhlﬂﬂ-yurrdw(nuthlm-;u
maps. Thus, given the rainfall values for both 3- nd 100-yoar
return periods, values for other return periods are
rﬁududmyhdw-dlmmﬁnﬁqunq&w'm-
eatered with the 2- and 100-year values.

General applicability of return-period relationship.—Tests bave
llwvnlhumumblu:mpu(dndauudthwolm
paper, Lhe return-period relati p is also indep of d
In other words, for 30 minutes, uuhmn.uuynlur

station showed uo wpprecisble treud, indicatuy thet the durect use
of the relatively recent short-record data is legiliuate.

Storma combined into one distribuiion.—The question of whether u
distribution of extreme rainfall is & function of slorm type (Lrupical
or nontropical storm) has been investigated aud the resulls presented
in & recent paper [16]. u n-luund M o well-defined dichotomy
axisia between the hyd of hurri or tropical
unrmmnul.lmd l.hmontnmln.lll.rwwwpudmu The

of ing the annusl maxima without
regard to mmu type u w Iu preferred because it avoids von-
& also

wilhin the scope of this report, the 2-year mad 100-year values
define the velues (or other return periods in & consisienl manuer.
Studies huve disclosed no regional puttarn that would improve the
roturn-period disgraia which appeass Lo have spplication over the
entire United States,

Secular trend. —The use of short-record dsia introduces the ques-
tion of possible secular trend and bissed sample. Routins ests with
subsamples of equal size {rom different periods of record for Lhe same

having to sitach a storm-

typs lubel to the mlln.l.l, which in some cases of intermediste storm

type (as when a l.mpunl swrm hum-uhlmp&ﬂll is arbitrury.
Predictive value of imation of return

nquu--n uu ie form of
the distribution function. Since less than 10 parnnl.nluumun
than 6000 stations used in this study have records for 80 years ur
longer, this ruises the question of the predictive value of the resulta—
particularly, for the longer return periods. As indicated previously,
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rolisnce was placed on the Gumbel proceduse for fitting dsia to the
Fisher-Tippett type I distribution to determine the longer return
periods. A recent study [17] of GO-mivute dats which wus du‘n-d
10 appraive Lthe pntl.u:u'- value of the Gumbal p d

Frouns §.—Dutribution of 24-bour stations.

'N hour, ymmhd l.h- duta to be uud Jnml-ly with the durstion snd
the pr sections for ob! values
lnr the other 45 maps. This procedure permils varistion in Lwo

P

definite evidence for its sccoplability.

lsopluvial maps

Methodology.—The factors considered in the constructiou of the
isopluvisl mups were wvuilability of data, relisbility of the reiurn
period estimates, snd the renge of duration and relurn periods re-
quired for this paper. lkmnfﬂlnllf(-m\lntnldlulnrth.
1- and 24-hour durstions sad the ly small durd wrror
sssociated with the estimnates of tho 3-year nluu ‘the 2-year 1- snd
d4-hour maps were constructed first. Except for the 30-minute
duration, the |- and 24-bour durstions envelop the durations required
for this study. The 100-year 1- sod 24-hour waps were then pre-
pured because this is the upper liuil of return period. The four key
maps: 2-year |-hour, 3-year 24-hour, 100-year i-bour, und 100-year

{or duration and the other for return period. The
49 isopluvial susps are presented in Part I1 as Charts 1 Lo 49.

Data for $-year I-hour map—The dot map of figure 8 shows Lhe
locadon of the lul.mnn for which dutls were sctually plotted on the
map. Additional stations were leced in the sualywis but not
plotted in regions whers the physiography could bhave o conceivuble
influence on systematic changes in the rainfall regime.  All available
recording-gage data with at least 5 years of record were plotted for
the inountainous region west of 104° W. lIn all, o total of 2281
stations were used 10 define the 2-year 1-hour psttern of which 80
percent are for the western third of the country.

Data for 2-year 34-hour map.— Figure 8 shows the lucstions of the
6000 stativos which provided the 24-bour data used Lo define the
2-year 34-bour isopluvisl patiern. Use wos made of most of the
stalions in mountsinous regions including those with only § years of
record.  As indicsied previoualy, the dats have been adjusted where

necessary so that they are for Lhe 1440

L - o

Rasio of 100-year to #-yeir 1- and Ly-tour rawnjaill —Two wursisg
waps were prepared showing the 100-year to 2-year ratio for the 1-
sad 24-hour durati In order 1o wini the exaggersied sifect
that so outlier (anomalous evend) from w sbiort record Las on the
magaitude of the 100-year value, ooly the dats from stations with
minimum record leogths of 18 years for tis 1-hour and 40 years lur
the 24-hour were used in this analysis. As s result of ths large saw-
pling errors associsted with theso ratios, it is not unususl (o find &
station with & ratio of 2.0 Joceted pear & 3.0 rutio even i regious
where orographic influsnces on the rain(ull regime sre abseat. As
s group, the stations’ ratios mesk out the station-to-station dia-
perities and provide s more relisble indicstion of the directicu of
distribution than the individual station dats. A Woucro-examination
revesled that some systematic geographical vasialion wes prescot
which would justify the construction of smcothed rstio msps with
« snall range. The isoplath pattarns constructed for the two maps
ace uot ideatical but the retios oo both msps rasge frois about 2.0
10 3.0. The sverage ratio is about 2.3 for the 34-bour durslicn snd
2.2 for the 1-hour,

100-year 1hour and 24-hour maps.—The 100-year veluce whick
were computed for 3500 selected poinia (fig. 10) are the product of
the values from the 3-year maps aud the 100-year Lo 2-yesr ratio
maps. Good definition of she complexity of pattern snd stecpaess of
gradient of the 3-year 1- and 24-bour maps determiced the geo-
graphically unbalsnced grid deasity of figurs 10.

44 additional mapa. -—Tlu lwo-pamlpld of figure 10 was also used
o define the isopl of the 45 adds | maps. Four
values—ous from each of the four key mnpr—vun read for each
grid poini. Programming of the duration sud retwrn-period rels-
tiouships plus the four values for sach point permitted digital com«
puter computstion for the 48 additional points. The isolines were

itioned by interpalation with rel to bers at the grid
points. This wes necessary Lo maintain the iternal consisiency of
the series of maps. Prooounced “highs’ snd “lows" are posivioned
in copaistent locations on all maps. Where the 1- o 24-hour ratio
for & particular srea is small, the 24-hour values have the grealest
influencs on the pattern of the intermediate durstion maps. Where
the 1- to 24-hour ratio is hr'-, the I-hnur value sppesrs Lo bave the
maost infl on the i d patiern

Rduhﬂyljunh—mmnldubduy-uﬂhunmlhc
ststistical sense Lo refer 1o the degroe of confidence Lhat can be placed
in the sccuracy of the resulis. The reliability of results is influenced
by sampling error in time, sampling error in space, aud by the
maaner in which the mape were constructed. Samplivg error in
space is & result of the (wo factors: (1) the chaice occurrence of en
anomalous storm which has » dispropartionste effect on one station's
slalistics but mot on the statistion of & nearby slation, and (2) the
.wgnphml distribusion of stations. siations wre fariber
wpart uun in Uu dmu networks studied for tLis project, stations

may exp s thet wre tive of their vicinity,
or may completely miss rainfalls that are nprmulnuu S.unlurly.
ling error in tune results from rainfalls ot

the mazimum rainfall rather thao observationsl-day.

Smoothing of B-year [howr and S-year 24-howr woplunal lines—
The manaer of constructon involves the question of how much w
smaoth the data, and an undemstanding of the problem of data
saioothiog is necessary Lo the most ellsotive use of the maps, The
problem of drawing isopluvial liues through  field of data is analo-
gous i some Lnportant respecis Lo drawing regression lices through
the dats of » scatier disgram. Just as isolines can be drawn %o as Lo
fit every point on the map, so irregular regression line can be drawn
Lo pass through every poiat; but the complicsted pattern in each
case would be unrealistic in most iustaoces. The two qualities,
smoothoess and fit, are busically inconsistent in the senss
smoolbness may uot be iuproved beyond s certein poiat without
some sacrifice of closensss of fit, and vice versa. The 3-year 1- and
24-bour maps were deliberately drawn so that the standard error of

(the ink 4 error of i lation) was
with the sampling and other srrors in the data snd methods of
analysis.

o their aversge regime during & brief record. Ahrulpcnvdnl
record way include some ponrepresentative large storms, or may
'miss soma imporiant storma thet occurred before or alter tho period
of recurd st & given station. In evalusting thie eflccls of wreal sud
Uime -mplml errare, it 8 porumm to look for and to evaluate biss
sud d Thus is d d in e foli b
Spatwal sampling error.—In developing the nrudlpsh relations,
it was Decessary Lo examine data from seversl dense networks.
of these dense networks were in regions whece the phywiogrepby could
bave little or no effect on the rainfall reguue. Exsmination of these
dats showed, for le, that the dard d jon of point
rainfall for the 2-year return period for & flat ares of 300 square miles
is about 20 percent of the mean valus. Seventy 24-hour stations
in lows, ssch with mors than 40 years of record, provided suotber
mdluuon of the eifect of spatisl sampling error. lowa's reiufall
is not inf Jlnallyh: graphy or Lodies of water.
The 2-yoar 24-bour isopluvials in lowa show & runge from 3.0 W0 3.3
inches. The average devisuion of the 70 -year veluss frowm e
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winuothed isopluvials is sbout 0.2 inch.  Since there are no sssignable
csuses for Lhese dispersions, they must be regarded as a residual
orror in sapling the relatively small amount of extreme-value data
available [or each station,

The geogruplucal distribution of the stations used in the analysis
is portrayed on the dot maps of figures 8 and 9. Evea this relatively
dense uvtwork cannot revesl vory acourately the fue siructure of
the isopluvial psttern in the mountsinous regions of the Weat. A
meususe of the sampling error is provided by s comparison of a 2-
yeur I-hour generalized map for Los Augeles County (4000 square
wiles) based on 30 stations with one based on 110 stetions. The
wvernge difference for values [rom randomly selected points from both
maps was found to be approximately 20 percent.

Sampling error in lime.—~Sampling error in time is present because
the dals at individusl stations are inteuded Lo represent a mean
coudition that would hold over s long period of time. Daily dats
frow 200 geographically dispersed long-record ststivns were snalyzed
for 10- snd §0-year récords to determive the relisbility or level of
confidence that should be placed on the results from the short-record
data. The disgram of figure 11 shows the scatlter of the mesns of
the extreme-value distributions for the two different lengths of record.
The slight hlu 'Im‘.h in llhlhlizd is & result of the skewness of the
ingly, more weight was given to
the lnngu—nmni stations in l.in construction of the isopluvials.

Isoling interval —The isoline intervals are 0.2, 0.5, or 1.0 inch
depending va the range and mugnitude of the reinfull values. A
uziforiu intervel has been used on & pacticulsr map excepl in the
two [ollowing instances: (1) & dashed intermediste line Lus been
placed between two widely separsted lines ss sn aid to interpolation,
sod (2) a larger interval was used where uecessitated by s steep
gradient. “‘Lows" that closs within the boundaries of ths United
Suln have been h.lluhnd m'udly

of | maps were
mude in the course of thess invostigstions in order Lo maintsin the
internal consistency. Io situstions where it hes been necesssry to
eatimate hourly dats from daily observations, experienco has demon-
sirated Lhat Lhe ratio of 1-hour to correspouding 24-hour values for
the same return period does not very grestly over a small region.
This knnvlulqe wnd us u uselul guide in smoothing the isopluvisls
On the wides of high Lains in westarn United Stules,
the 1- to 34-hour ratio is us low us 10 percent. In southern Arizons
and some parts of midwestern United Stales, it is grester than 60
percent. In genersl, except for Arizons, the ratio is less than 40
percout west of the Continental Divide and grester thun 40 percent
to the esst. Thers is » [air relationship between Lhis rutio and the
climatic factor, mean annual number of thunderstorm dsys. The
two parumeters, 3-year daily rsinfall and the mean snnusl number
of thunderstorm days, bave been used jointly Lo provide an estimats
of short-duration rainfulls [18). A 1- to 24-hour ratio of 40 percent
is spproximately the aversge for the United States.

Ezemination of physiographic parameters—Work with mean
sonual snd mean seasonal rainfall has resulted in the derivation of
empirically defined parsmeters relsting rainfull dsta o the physiog-
raphy of u region. Elevation, slope, orieutslion, distance from
moisture source, and other parsinslers Lave been uselul in drawing
maps of mean rainfall. These and other pursmeters were oxamined
in sn offort to refine the mups presented here. However, testa
showed Llst the use of these paramsters would result iu no i
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hour value for the sune return period or thet & 50-yesr value ex-
ceeds the 100-year velus for the same durstion. Thewe errors,
however, are well within the acknowledged margin of error. If
the reader is interested in more than one duration ur veturn period

ment In the rli.lﬂnl.l-lnqumy pattern because of the ling snd

this potentisl source of i cea be eliminated by con-
pr s seriea of depth-d 1 y curves by Biting
hed on | puper to the values iulerpolated

other error inherent in values obtained for each station.

Ewluation.—In genersl, the stenderd error of estimste ranges
from & minimum of about 10 percent, where » point value can be
used directly ws tuken from u Hut region of one of the 2-year maps to
50 percent where u 100-year value of short-durstion rainfall must be
estimuted for sn sppreciable ares in & more rugged region.

Iniernal inconsistency.—On some maps the isoline interval does
not revesl the fuct that the magnitude does not vary linesrly by
interpolation. Therelore, interpolation of severul combinations of
durations and return pmnd.l for the point of interest might result
in such Inconsistencies as & 12-hour valus being larger thau & 24-

from all 49 maps. I'l;m 12 illustrales o set of ourves hrthnouu
&L 35° N., 90° W. lsted velues for a p

should very nearly lppnnmau & straight line on the return-period
dingrawm of figure 7.

Obsolescence. —Additional stations rather than longer records will
speed obsolescence sod lessen the current sccuracy of the mape.
The comparison with Yarnell's plpur ll] is s case in poiat, Where
daia for new stations are avail y in the i
regions, the isopluvisl patterns of un two p-pm show prouounced
differences. At stations which were used for both pspers, sven with
26 years of additional data, the differences are nogligible.

F1o0as 10.—Grid density used W sonstruct additicual waps.

Guides for estimating durutivns und/or retura periods uot
prescanted on Lhe mups

Intermediate duralions and return perods.—Iu some iustances, it
might be required Lo obtain velues within the rauge of return periods
aod durations presented in this psper but for which no maps bave
been prepared. A disgram similer to that illustreted in figure 12
©an werve as & oomogramn for estimating thesa required values.

Return periods langer than 100 years.—Valuea for return periods
longer than 100 years can be obtained by plotting seversl values
from 2 to 100 years from the same point on all the maps on sither
log-nonmal or extreme-value probability paper. A straight line
fitted to the data and extrapolated will provide sn scceptable esti-
mate of, ssy, the 200-year value. It should be mnmhnd lhll-
the values on Lhe maps are for the partial-d

at 36" N, W0* W. Tbe 3, &, 16, 26, 5U-, and L00-year values are
estimated (rom the maps to be 1.7, 3.3, 3.5, 2.6, 3.1, sod 3.5 incucs.
Aftar muitiplyiog the 3-ysar vaiue by 086, the 5 year valus by 0.46,
sad tha 10-year valus by 0.69, ths s values are pictied on exirems-
valus probability paper, s lins s Sited o the dats sad extrapoiated
livsarly. T-Ihl-)urun-h tbus estimated Lo be sbout 3.8 inshes
(e Bg. 13).
Lrurations shorter than 30 minules —II durstions shorter than su
minutes are required, the sverage rel bLips Letween 30
rainfall on the ons hand snd the 5-, 10-, sud 15-minute raiufall on
the other can be oblaioed (rom table 3. Thess relationships were
developed from the dste of the 200 Weather Buresu fimi-urder
statioos.
Tasis 8.—Amrage HHIWI:‘I'K‘::“ n!:-:;::- 'r'-;:]‘-u ond sharigr dwralion

series,
the 2-, 6, wd.lﬂ-yur'ﬂu.lhnuldlinth‘rdmdhylhlhﬂnn
of tabls 2

mlll’bh The 300-yeasr 1-bour valus is required for ik point
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Yarnel. —A comparison of the results of this paper with those
wbtained by Yurnell's paper (1] brings out several interesting points.
Firwt, both pupers show spproximstely the sume values for the
WQIM Buresu first-order stativus even though 26 years of addi-
tional data wre now uvailsble. Second, even though ihoussnds
of additionsl stations were used in this study, the differences botween
e two pspers in the sastern half of the country wre quite small
L]

uud rurely exceed 10 percent. However, in the mountsinous regions
of the West, the enlarged invenlory of data now aveilabls hes hud
u profound effect on the isopluvial pattern. In general, the resulis
from this puper ure larger in the West with the differences occasion-
slly reacliing u factor of three.

Tecknical Paper No. 25.— Technical Paper No. £6 |5) contains a
serics of rainfall mlensity-duration-frequency curves for the 200
Weather Buresu stations. 'l'lu curves were developed from oach
station’s dats 'lda no ion given o lous events or
w areal ion. The average diflerence belween the Lwo
papers is approximately 10 percent with no bias. Aller sccounting
for the fact that this wtles is for the pertial-durstion series snd
Technical Paper No. £5 is for the sunual series, the differences can
be ascribed o the considerable areal jun used in this paper.

Tachnical Paper No. 84, Parts I and I1; Tecknical Paper No. 88.—
The differences in relinoment between Technical Puper No. 24 (2]
and Technical Paper No. £8 8] on the one hand snd this paper on the
other do uot, liowever, seem Lo influence the end results Lo sn
important degres. Inspection of the values in several rugged arcas,
as well as in flat aress, reveals disparitics which average about 20
percent. This is auributeble to Lhe much larger amount of data
(buth looger records and miore stalions) snd the greater areal gea-
erulization used in this paper.

Technical Paper No. 29, Parta | through §.—The sulient feature of
the comparison of Technical Paper No. £8 7] with this puper is the
very amall disparities between the four key maps and the slightly
lurger disparities belween the intormediato maps. The average
dilferences are of the order of magnitude of 10 and 20 percont,
respectively. The larger dilference between the intermediste mups
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Fiauas 13.—Esampis of sxtrapolating to loog retura peciods.

i witributable W the smoothing of thesy inaps in & consistent imenuer
for Uhis paper.
Probability considerations

General.—The nialysia presented thus far Las been mainly con-
cerned with attaching s probability to & particular magnitudeof rain-
{ull at & purticular location. Once this probability has besn deter-
mined, consideration must also be given to the corollury question:
Whiat is the probability that the n-year event will occur at least ouce
in the next n years?

From elementary probsbility theory it is known that there is &
good chance that the n-year event will occur st lesst oncs before
n years bave elapsed. For example, if an eveat has the probability
1/n of occurring in & particular year (sssume the snnual msries is
being used), where » is 10 or gresler, the probability, P, of the svent
occurring wl leasl once smong u observations (or yesrs) is

Pal—(1=1/m)"=]—e"=0.63

Thus, for vxsmple, the probebility that the 10-yesr event will occur
L least once in the next 10 years iv 0.83, or about 3 chances out of 3.
Belationship between dewign retwrn period, T years, design period,
T-.udrf-hﬂ-lud-ah-cmddur. m—mun 14,
shows Musouhnp
Inl.mmdm;nnhmwnd T years, design period, T, sud
probebility of not being excseded in T, years [10).
unurumw period sbould the engineer use
bu approximately 90 psrcant certain that it will not be axeseded
I-Ih-llm]unl Eatering the design parlod coordinate st 10 years
until the 00 percunt lins s Intersected, the design return period is
satimated to bo 100 years. In lerms of ralnfall magnllude, the 100-
year valus is spprozimately 60 parcent larger han the 10-year value.
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Ta, sod probability of pol being escended io T years.
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Frauas 15.— Aren-depth curves.

Probable mazimum precipitation (PMP)

Tha 6-hour PMP and s relationship lo the 100-year G-hour rain-
Juil —Opposed to the pmhdnlnty m-u»d of rainfall estimation
presented in this paper is the
(PMP) nulmd -hlda uses & combnuuan of phyuul ‘model -.nd
seversl The main purpuse
nlllul‘“?mﬂhdill‘mvulunnphh—uhlydupwmm
cases where structure failure would be dissstious. The 6-lowr
PMP map of Chart 50 is based on the 10-square-mile values of
Hydrumetaorological Report No. 33 [20] for the region sast of 105 W.
and ou Westher Bureau Technical Paper No. 38 [21] for the Weat.
Chart 61 preseuts the ratios of the PMP values 1o the 100-year
poiat reinfalls of this psper. Exwminstion of this map shows that
the ratios vary from less than 3 Lo about 9. These results must be
considersd merely indicative of the order of maguituda of extremely
rare rainfulls.




Arca-depth relationships

tenerul—For dreinuge areas larger then s few square miles con-
sideration must be given not only Lo point ruinfall, but to the average
depth over the entire drainage sres. The wverags area-depth
relationship, as & percent of the point velues, ss been determined
for 20 dense networks up to 400 square wiles from various regions
in the United States (7).

The srsa-depth curves of figure 15 must be viewed ]

Application to areal rasnfall. —~The anslysis of & limited amount of
udmnﬂ&munuumm-nnuuunpomtdnunumul
which ne | difference from those of
the point data. This lends some confidence in using Lhese diagrams
s & guide for small aress,
EXAMPLE, of of & 1U-year

Immmhml& May through August for the point st
48* N, 85° W. From Chart 52, the probabulities for esch mooth sre

‘The operation is related to the purpose snd application. lu applica-
tion the process is to select u point value from sn wopluvisl map.
Tﬁuwmnlm hﬂnuwdgpullur the location cuncerned, for
& given [ and durati It is & composi The srea-depth
curve relates this averags point value, for & given durstion snd [re-
quency snd unuuu s given ares, o the sunp depth over that srea
for the and |

The dale used Lo develop the area-depth ulm- of figure 15 ex-
hibited no systematic regionsl pattern (7). Duration Lurned oul o
be the major parumeter. None of the dense networks had sufficient
langth of record 10 evaluate Ll elfect of magnitude (or return period)
on the uu-dq-u: r.l.unudnp For ureas up to 400 square miles,
it s ly norm itude (or return pomd)
i uot & p in the lationsh The reliability
of Uus nkuomhp appears W bo hﬂ. for the longer durations.

EXAMPLE What s the sverage depth of Z-year 3-hour rawlall
lor w 300-square-mile drainsge area in the vianity of 37° N, 58" W.1
From the 2-year 3-hour map, 2.0 inches s satimaled as the sverage
depth lor points in the sres. However, the sverage J-hour depth over
the draioage sres would be less than 20 inches for the 3-year returan
period  Relerring to Bgure 18, it is sesn that the 3-hour ourve waler-
sccls the area scale st 200 square unles 4 ratio 0.6,  Accordingly, e
Zyear F-hour averags depth over 300 square mules is 0.8 times 20, or
1.6 nches.

Seasonal variation

Introducion.—To this point, the frequency sislyma hes followed
e conventional procedures of using only the anousl maximna or the
n-maximnum events for n years of record Obviously, vome months
contribute more svents Lo these saries than others and, in fact, some
months might uot contribute st all o these Lwo series. Seasonsl
varistion serves the purpose of showing how often these rainfall
evenls occur during s specific month. For exmuple, & practicsl
problem concerned with vessonsl variation may be illustrated by the
fact that the 100-year 1-hour rain may come [rom & summer thunder-
storm, with considerable inMI-ul.iou. whereas the 100-yeur flood may
come from & lesser storm ucwmxu on [rosen or snow-covered ground
in the late winter or early spring.

Seasonal probability diagrams.—A lotsl of 24 scasonal veriauon dia-
graius is presented in Chartas 52, 53, aud 54 for the 1-, 6-, and 24-hour
durations for 8 subregions of the United Stales ewst of 105° W.
The 15 disgrams covering the regiou sast of 80° W. ure identical o
those pnunud previously in Techmcal Paper No. 29 (7. The

letl oh*. [nnwumhnlmmn-nhnd
on the aversge rel from app y 15 stations in each
subregion. Sonie variation exists from station u station, suggesting
& alight subregional patiern, but no attempt was made Lo define it
because there is no l methiod of d ining whether tbis
patiern is & climatic fsct or an sccideut of sampling. The slight
regivual discontinuities between curves of wdjucent -uluqmnl can
h- moouud Im;ully forall pmuul purposes. No

to be §,3, 4, sad 2 perceut, respeclively. I obher words,

any paruoular yesr s 1 percou; for Juse, 2 percent; sad so fosth.
(Additional szamples are givea 13 all five parls of Technical Paper

Ne. 83.)
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lsopluvial maps.
The 6-hour probable maxioiuni precipilation and its

relationskip to the 100-year 6-hour rainfall.
Diagrums of seasonal probability of intense rainfull,
for 1-, 6-, and 24-hour durations.
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EXECUTIVE SUMMARY

Courtaulds Fibers, Inc. (Courtaulds) is located in LeMoyne, Mobile County,
Alabama, approximately 7 miles north of the center of the city of Mobile.
Courtaulds has operated a synthetic fiber plant at this location for the
production of viscose since 1952. In this process, cellulose is treated with
carbon disulfide to produce cellulose xanthate, which is treated and washed
before being spun into fibers. The major wastes associated with this process are
sulfate, sulfide and zinc.

,Waste from the process was placed into two sludge lagoons on the GCourtaulds
property until 1990. It is currently being placed in a landfill directly north
.0of the sludge lagoons. Another landfill dirzctly west of the Mobile River was
‘used for nonhazardous waste disposal until tne 1970s.

|

1Courtaulds is located on Highway 43 in a sparsely populated industrial/rural
area. Large chemical plants are situated along this highway from 1 mile south
jof Courtaulds to the city of Mount Vernon on the north side of the facility.
‘Stauffer Chemical Company (Stauffer) is located north of the facility and to the
'south is Shell Chemical Company. Most of the area to the east of the facility
is wetlands. Because of the extensive wetlands, little farming is done. However
a limited amount of timber, pulpwood and cypress is harvested.

}

!

Fome threatened and endangered species have ranges within the study area, but
)

Fhere are no critical habitats. Both sport znd commercial fishing occur in the

'

sbile River, which borders the site, and in Mobile Bay south of the facility.

the Courtaulds property is relatively flat with surface water runoff directed
north, south and east. An intermittent creek toward the north drains into Cold

Creek, into Cold Creek Swamp and then into the Mobile River toward the east.

Another intermittent creek on the southern portion of the property flows south
through a wetlands area toward the east then into the Mobile River. Runoff also
flows directly to the east to the Mobile River.

Courtaulds is located on the alluvial plain of the Mobile River in the Coastal
Plain physiographic province of Alabama. Two hydrologically connected aquifers
are utilized in Mobile County, Alabama: the alluvial-coastal aquifer and the
underlying Pliocene-Miocene aquifer. Groundwater in the alluvial-coastal aquifer
is under water table conditions except where it is locally confined by clay.
Groundwater in the Pliocene-Miocene aquifer occurs in lenticular beds of sand and
gravel of limited extent and is unconfined and hydrologically connected to land
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surface. However, wells that are drilled into deeper areas of the Pliocene-
Miocene aquifer respond to pumping as in a confined aquifer.

The potable water in most of the study area is obtained from either the LeMoyne
Water System or the Mount Vermon Water System. The LeMoyne Water System wells
are within three miles of Courtaulds. Residernts not served by either system have
private wells. Additionally, Courtaulds, Stauffer and M & T Chemicals utilize
onsite potable wells for water supplies.

Surface soil, subsurface soil, sediment, and groundwater samples collected during
the Site Inspection (SI) contained elevated concentrations of inorganic
contaminants. ' Elevated concentrations- of at least one of the contaminants
‘associated with the viscose process (zinc, sulfide or sulfate) were detected in
four surface soil, two subsurface soil, two sediment apd four groundwater
;samples. Other inorganic contaminants detected at elevated concentrations in at
jleast one surface soil sample included the following: arsenic, copper, chromium,
;lead, mercury and vanadium. Additionally, sediment samples collected from sludge
!lagoons contained the following inorganic contaminants: barium, cadmium,
fchromium, cobalt, copper, lead, manganese, mercury and nickel. Toluene was also
|detected in the sludge lagoon sediment samples. Three surface soil samples
contained organic compounds such as polynuclear aromatic hydrocarbons (PAHs)
‘phthalates and Aroclor 1260. The areas of greatest contamination were the sludge
lagoons and the landfill. '
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1.0 INTRODUCTION

In 1990, The EPA Waste Management Division tasked the NUS Corporation (NUS), the
EPA Region IV Field Investigation Team (FIT), to conduct a Phase II Screening
Site Inspection (SSI) at Courtaulds Fibers. Inc. (Courtaulds) in LeMoyne, Mobile
County, Alabama. The investigation was performed under the authority of the
Comprehensive Environmental Response, Compensation and Liability Act of 1980
(CERCLA) and the Superfund Amendments and Reauthorization Act of 1986 (SARA).
The investigation was performed to satisfy the requirements stated in Technical
Directive Document (TDD) number F4-9011-21. The field investigation was
conducted on November 27 and November 28, 19%0. .

'EPA tasked Dynamac Corporation (Dynmamac), an EPA Technical Enforcement Support
:(TES) contractor, to complete the Site Inspection (SI) Report utilizing the
iresults of the FIT field study. This activity was conducted to fulfill the
irequirements of Task 14 of the TES VIIT Work Assignment No. C04123, Site
‘Assessment Special Studies. Dynamac’s responsibilities included:

» Gathering the existing FIT files from the EPA Waste Management Division;

| « Filling existing data gaps wherever possible;

« Preparing the complete SI report; and
+ Making a recommendation concerning further action at the site.

'gjl Objectives

?ﬁe objectives of this inspection were to determine the nature of the
%incaminants present at Courtaulds (the site) and to de?ermine if a release of
these substances has occurred or may occur. Additionally, this inspection sought
io determine possible pathways by which contamination could migrate from the site

and the populations and environments the contamination would potentially affect.

‘Also a recommendation will be made regarding future activities at the site.

1.2 Scope Of Work

The objectives were achieved through the completion of the following tasks:




Obtaining and reviewing background materials relevant to HRS scoring of
the site;

Generating a map of the site;

Evaluating target populations associated with the groundwater, surface

water, air and soil exposure pathways:

Collecting 20 environmental samples (all sample collection was conducted
by NUS Corporatiom);

Developing analytical results tables from the Contract Laboratory Program
(CLP) data; and '

Writing a presentation of analytical results.
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2.0 SITE CHARACTERIZATION

2.1 Site Background and History

Courtaulds is located in LeMoyne, Mobile County, Alabama, on Highway 43
approximately 7 miles north of the center or the city of Mobile (Appendix A)
(Ref. 1). The coordinates of the facility are 30° 57’ 40” north latitude and 88°
00’ 50" west longitude (Figure 1). The EPA ID No. is ALDO08150617 and the
WasteLan number is 0143.

Courtaulds has operated a synthetic fiber facility at the LeMoyne location since
1952 producing synthetic fibers via the viscose rayon process (Refs. 2; 3,
p. 1-1). The viscose process consists of treating cellunose with alkali and
carbon disulfide to produce cellulose xanthate, which is also known as viscose.
The viscose is then treated in a sulfuric acid bath containing sulfate salts,
washed and then stirred in a tank containinz a dilute caustic solution. The
-caustic solution dissolves the viscose. The dissolved viscose is then ripened
Eand spun to form the fibers. During the spinning process, the viscose is extruded
'into a bath containing salt and acid (Ref. 4. p. 856-862).

gWaste from this process is composed of 15 to 20 cubic yards per day of sludge
Icontaining cellulose, sodium sulfate, sulfuriec acid, carbon disulfide, zinc
‘sulfate and hydrogen disulfide. The sludge was placed in lagoons located on the
‘Courtaulds property until 1990. Currently, it is being deposited in a landfill
lnorth of the sludge pond area (Ref. 5). Hydrogen disulfide and carbon disulfide,
iwhich are gases under ambient conditions, vaporize from the waste. Sulfide salts
are produced from the sulfate salts by anaerobic reduction in the lagoons. The

sulfides combine with the zinc ions present in the sludge to form insoluble zinc
isulfide (Refs. 3; 6).

Title 40, Code of Federal Regulations, Part 261 (40 CFR 261), promulgated in 1976
.under the authority of the Resource Conservation and Recovery Act (RCRA),
identified the sulfide waste as being hazardous between the pH of 2 and 12.5
since toxic gases, vapors or fumes could be generated in this pH range. Due to
the lack of clearly defined guidelines on determining if Courtaulds’ waste was
hazardous, Courtaulds filed a RCRA Part A application as a protective filer in
November 1980 (Ref. 29, p. 1). As required by RCRA regulations, Courtaulds also
began a groundwater monitoring program for the sludge lagoons (Ref. 3, pp. iii,
2-6). In August 1985, Courtaulds filed a revised Part A application which was
to be incorporated into their Part B applicacrion (Ref. 30, p. 1). After
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determining that the sludge in the lagoons at Courtaulds was classified as being
nonhazardous, the Alabama Department of Environmental Hanagément (ADEM) withdrew
Courtaulds interim status (Refs. 31; 32, pp. 1, 2). Courtaulds has a National
Pollutant Discharge Elimination System (NPDES: permit which-expires on April 30,
1997. Numerous solvents, metals and polynuclear aromatic hydrocarbons (PAHs) are
being regulated and discharged to the Mobile River, an unnamed tributary of
‘Carter Branch and an unnamed tributary of Cold Creek (Ref. 33, p. i, Part I, pp.
1-1f). Available information does not indicate whether violations of this permit
have occurred.

During an EPA RCRA investigation in 1990 concerning toxic emitters in the area,
‘Courtaulds was identified as the "primary emicter” (Ref. 7). Air monitoring has
been conducted at Courtaulds since 1979 and is currently ongoing. According to
ADEM personnel, carbon disulfate and hydrogen sulfide are the two discharges of
greatest concern. These discharges are from the spinning lines of Courtaulds’
:viscose process (Ref. 34). ‘

iThere have been two remedial investigations (EI) north of Courtaulds. One RI was
.conducted at the Stauffer facility, directly north of Courtaulds, in 1988.
jCarbon disulfide and carbon tetrachloride were the primary contaminants detected
lin groundwater during this investigation (Ref. 8, pp. 7, 8). Carbon disulfide
is associated with the viscose process used at Courtaulds (Réf. 2, p. 1). Carbon
disulfide is also associated with facility processes at Stauffer (Ref. 8, p. 1).

THe second RI was conducted for the Cold Creek Swamp, which is located north of
sﬂauffer and which discharges into the Mobile River. Surface water runoff from
the north boundary of Courtaulds flows into this swamp. Mercury was the primary
Eﬁntaminant detected during this investigation (Ref. 9, Table 1-3). Mercury’'s
association with the Courtaulds process is unknown; however, mercury is one of
Courtaulds’ NPDES-regulated parameters and was found in onsite samples collected

during this study (Appendix B; Ref. 33, p. le).

2.2 site Description
Courtaulds is located on approximately 665 acres. Highway 43 forms the western
border of the site and the Mobile River flows along the eastern border. There
is a Southern Railroad track running through the property approximately 1,200
feet east of the highway. A fence surrounds the majority of the property
enclosing the manufacturing building, office and waste areas. The manufacturing
and office buildings are located directly east of the western side of the fence.




The wastewater treatment plant is located east of the manufacturing building:
Two sludge lagoons (each approximately 5.3 acres in size) are directly east of
the wastewater treatment plant and a limited waste landfill is located north of
the sludge lagoons (Ref. 3, Figure 1-2, p. 1-5). The Mobile River is 1.1 miles
east of the sludge lagoons, while a nonhazardous waste landfill (approximately
13 acres) is located 1,500 feet west of the river (Refs. 3, pp. 5-5, 5; 7). The
landfill has not been used since the 1970s. A site layout map appears on
Figure 2.

The_sludge lagoons are lined with an enhanced, low permeability soil and soil-
cement aggregate. These lagoons are constructed with 2 feet of freeboard on all
sides to prevent waste from spilling and flowing toward the ﬁobile River (Ref. 3,

‘p. iv). The sludge lagoons are currently inactive (Ref. 7). However, file
:material does not indicate if they were remediated.

- -
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A 3.0 REGIONAL POPULATIONS AND ENVIRONMENTS

3.1 Population and Land Use

The following sections discuss demography. lzand use and sensitive environments
within a 4-mile radius of Courtaulds.

3.1.1 Demography

Courtaulds is located in a sparsely populated rural/industrial area of Mobile
County. Industry in the area is located along U.S Route 43. Courtauld’s
neighbors are Stauffer Chemical Company (Stauffer) on the northern border and
‘Shell Chemical Company on the southern border (Refs. 3, p. 2-6; 10). Most of the
residences within the 4-mile radius are located south of the facility, along
iHi.ghway 43 (Appendix A). '

{T'he nearest population centers include the city of Mt. Vernon (population 1,038),
located approximately 8 miles north of the site, and :;t:he city of Creola
i (population 673), located approximately 5 miies south of the site (Appendix A)
i(Ref. 8, p. 6-1).

i

;‘-xhouse count using U.S. Geological Survey (USGS) topographic maps and population
values from the Graphical Exposure Modeling System (GEMS) data base were used to
estimate the population within 4 miles of Courtaulds. The U.S. Bureau of the
Census household multiplier for Mobile County is 2.71 persons per household.
;?35urtau1ds has 650 employees. Stauffer is located within 1 mile of Courtaulds
z'gmd employs approximately 450 people (Refs. 5; 8, pp. 1-4 to 1-6). M & T
IC:}lnemi.ca].s is located approximately 1.5 miles to the north of Courtaulds and
employs approximately 200 people (Ref. 8, pp. 1-4 to 1-6). The residential and
!industrial population within a 4-mile radius is estimated as 2,233 people with
fthe distribution indicated below (Appendix A) (Refs. 11; 12).

! Population
‘Radial Distance Households Industrial Residential and Industrial)
0 - 0.25 mile 0 650 650
0.25 - 0.50 mile 0 0 0
0.50 - 1 mile 4 450 : 461
1 - 2 miles 49 200 333
2 - 3 miles 100 0 271
3 - 4 miles 191 0 518
Totals 344 1,300 2,233
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3.1.2 Land Use

Approximately two-thirds of the land to the west, south and north within 4 miles
of Courtaulds is rural/residential. The closest residence is approximately 3,000
feet west of one of the facility’s waste disposal areas, the sludge ponds.
Highway 43 runs north and south through this rural/residential area. Large
plants, most related to the chemical industrv, are located along the highway.
The remaining one-third of land within the 4-mile radius consists of wetlands and
rivers. Little farming is done in the area because of the extensive wetlands

(Appendix A) (Refs. 8, pp. 2-1, 2-2; 10, pp. 2-5).

The major natural resource in the area is the Mobile River which flows adjacent
‘to Courtaulds on the eastern border of the property (Appendix A) (Ref. 8,
gp. 2-2). 0il wells have been drilled within 5 to 10 miles of the facility, but
oil has not been discovered. Additionally, some cypress trees and pulpwood are
harvested on the east side of the Mobile River (Ref. 8, p. 2-2).

3.1.3 Sensitive Environments

The habitats of several Federal (F) and State (S) designated endangered (E) or
threatened (T) species exist in the Mobile County area. These include the
following: the eastern indigo snake (Drymarchon corais couperi) (F, T); gopher

tortoise (Gopherus polyphemus) (F, T); Alabama red-bellied turtle (Pseudemys

alabamensis) (F, E); American alligator (Allipator mississippiensis) (F, T);

f%orida panther (Felis concolor coryi) (F, E); red wolf (éanis rufus) (S, E);
wood stork (Mycteria americana) (S, E); bala eagle (Haliaeetus leucocephalus)
F, E); Bachman's warbler (Vermivora bachmanii) (F, E); Eskimo curlew (Numenius
borealis) (S, E); Arctic peregrine falcon (Falco peregrinus tundrius) (F, T);
iivory-billed woodpecker (Campehilus principalis) (S, E); and red-cockaded
.woodpecker (Picoides borealis); (S, E). There are no critical habitats listed
for Mobile County (Refs. 13, 14, 15).

3.2 Surface Water

The following sections discuss climatology, overland drainage and potentially
affected surface water bodies along a 15-mile surface pathway. Surface water use
and aquatic sensitive environments are also discussed.

3.2.1 Climatology

The climate of Mobile County is primarily humid and subtropical. Summers are
warm and humid, and winters are mild. Temperatures are consistent with a mean
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annual variation in temperature of 10 °C. Summer temperatures range from 21 °C
to 32 °C and winter temperatures range from 4 °C to 16 °C (Ref. 16, p. 130).

The normal annual rainfall in coastal Alabama is the highést in the state and
among the highest in the United States, with an average annual precipitation of
64 inches and a net precipitation of 16 inches (Refs. 17, pp. 43, 63). Rainfall
is distributed evenly through the year (Ref. 16). The 2-year, 24-hour rainfall
is 5.5 inches (Ref. 18, p. 95).

3.2.2 Overland Drainage and Potentially Affected Water Bodies

The Courtaulds property is relatively flat and is approximately 40 feet above
mean sea level (msl). Surface water runoff from the facility drains overland in
all four directions to land that is 20 feet above msl. An unnamed, intermittent
icreek on the southern border of Courtaulds flows southeast.for approximately 1
imile before converging with Carter’s Branch. Carter’s Branch flows east through
ia wetlands area for approximately 3 miles before it converges with the Mobile
River (Appendix A). Another unnamed, intermittent creek, located on the northern
border, flows north for approximately 2 miles to Cold Creek which flows toward
the east through a wetlands area for 2 miles before entering the Mobile River
{Ref. 9, p. 1-11). The Mobile River is located on the eastern border of
iCourtaulds, approximately 1.1 miles from the sludge lagoons and 1,500 feet east
'of the nonhazardous waste landfill. The eastern and western banks of the Mobile
River are lined with wetlands. The Mobile River flows south for more than 15

]miles and empties into Mobile Bay (Appendix A).

Potentially affected water bodies include Cold Creek, Carter’s Branch, the Mobile
iRiver and the wetlands located along the banks of the Mobile River (Appendix A).
‘The Mobile River north of Mobile Bay is a major area for commercial and sport
fishing. Among the fish that are caught are a variety of catfish, bluegill and
striped bass. Additionally, the Mobile Bay delta is a spawning area for shrimp,
crabs and oysters. No studies have been conducted during the last 10 years to
determine the quantity of fish or shellfish caught in the area along the surface
water migration pathway to Mobile Bay (Ref. 19).

3.2.3 Aquatic Sensitive Environments

There are no aquatic sensitive environments specifically designated along the 15-
mile surface water migration pathway. However, some of the Federal and State
threatened and endangered species mentioned in Section 3.1:3, may occur

10
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along the Mobile River or in the wetlands areas in particular the following: the
Federally-designated threatened species, the eastern indigo snake (Drymarchon

corais couperi), the gopher tortoise (Gopherus polyphemus) and the American

‘alligator (Alligator mississippiensis); the Federally-designated endangered

species, the Alabama red-bellied turtle (Pseudemys alabamensis); and the State-
designated threatened species, the Gulf sturgeon (Acipenser oxyrhynchus.
Additionally, 25,000 acres of the Mobile delca are in the process of becoming
designated as a wildlife management area. Howvever, this area may be outside the
15-mile migration pathway (Appendix A) (Ref. 19).

3.3 Groundwater

The following sections discuss hydrogeology and aquifer use within the Courtaulds
study area.

3.3.1 Hydrogeology

iThe Courtaulds facility is located on the alluvial plain of the Mobile River in
‘the Coastal Plain physiographic province of Alabama. Elevations along the
‘alluvial plain range from sea level to 100 feet above msl (Ref. 20, p. 3). The
!elevation of the Courtaulds facility is approximately 40 feet above msl
(Appendix A).

€ologic units that underlie the Courtaulds facility include, in descending

G
j%ﬁratigraphic order, terrace and alluvial deposits unconformably underlain by the
??ocene Series undifferentiated (Ref. 20, pp. 6, 7). The Pliocene-age Citronelle
?6rmation was eroded away by the Mobile River before the deposition of the
alluvial deposits (Ref. 21, p. 2). The upper part of the terrace and alluvial

;deposits consists of decayed organic matter and carbonaceous clay that grades

.downward into fine argillaceous sand, coarse sand and gravel interbedded with
‘lenticular clay beds. The terrace and alluvial deposits range from 80 to 150
feet thick (Ref. 22, pp. 11, 12). The Miocene Series undifferentiated consists
of gray, dense clay; sandy clay; fine argillaceous sand and medium to coarse
sand; and gravelly sand at the base (Ref. 22, p. 12). The Miocene sediments are
wedge-shaped and dip to the southwest at a rate of 15 to 25 feet per mile
{(Refs. 20, p. 5; 22, p.= 12). The Miocene Series undifferentiated is
approximately 1,000 feet thick in the area (Ref. 20, p. 7).

There are two hydrologically connected aquifers utilized in Mobile County,

Alabama: the alluvial-coastal aquifer and the underlying Pliocene-Miocene
aquifer. The alluvial-coastal aquifer beneath the Courtaulds facility consists

11
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of the terrace and alluvial deposits adjacent to the Mobile River (Ref. 20,
pp. 6, 9). Groundwater in the alluvial-coastal aquifer is under water table
conditions except where locally confined by clay (Ref. 21, p. 30). The higher
yielding wells in this aquifer are screened in sand and gravel beds (Ref. 20,

P 2

The wunderlying Pliocene-Miocene aquifer comprises the Miocene Series
undifferentiated (Ref. 20, p. 9). Pliocene-age deposits are missing beneath the
site (Ref. 21, p. 2). Groundwater in the Pliocene-Miocene aquifer occurs in
lenticular beds of sand and gravel of limired extent and is unconfined and
hydrologically connected to the land surface. With depth, clay layers in the
Miocene Series undifferentiated restrict vertical movement of water. Thus, wells
that are drilled into the deeper parts of the Pliocene-Miocene aquifer respond
to pumping as in a confined aquifer (Ref. 20, p. 9).

.Groundwater in the Mobile County area is recharged primarily by precipitation
:(Refs. 20, p. 9; 21, p. 28). Most recharge to the major aquifers in the area of
I the facility occurs within the boundaries of Mobile County. A small amount of
‘recharge occurs at Miocene outcrops north of the county (Ref. 20, p. 10). The
Courtaulds facility is located in a recharge area that has been determined to be
ihighly susceptible to surface contamination (Ref. 20, plate 1). This area has
ta relatively flat terrain with very permeable soils (Ref. 20, p. 11).

i

3.3.2 Aquifer Use

Most of the potable water in the area is obtained from either the LeMoyne Water
Fystem or Mount Vernon Water System. The wells for the LeMoyne Water Wystem are
bétween 2 and 3 miles south of Courtaulds, while the Mount Vernon Water System
wells are outside the study area. The ieMoyne Water System wells are
approximately 130 feet deep and serve 72C connections (720 connections x 2.71
persons per household = 1,951 people). Those people not on either system obtain
potable water from private wells (Refs. 23; 24; 25; 26; 27). The nearest
household with a private well is located approximately 5,000 feet west of the
facility sludge ponds (Appendix A) (Ref. 10).

EEmployees of Courtaulds obtain potable water from a well located on the northwest
.portion of the property. There are currently 650 employees at Courtaulds (Refs.
5; 28, p. 9). Stauffer, toward the north, also obtains potable water from three
wells on its property (approximately 4,000 feet northwest of the Courtaulds
sludge ponds). These wells serve approximately 450 employees (Ref. 8, pp. 1l-4,
1-6, 6-2). M & T Chemicals, located approximately 1.5 miles to the north, also

12




obtains potable water for its 200 employees from its own well (Ref. 8, pp. 1-4
and 1-6).

The following is a list of households and related populations that have private
wells within a 4-mile radius of Courtaulds. The fourth column is the total
population served by wells including private, municipal and potable wells at
Courtaulds, Stauffers and M & T Chemicals. Residential population was estimated
by using the U.S. Bureau of Census household multiplier for Mobile County (2.71
persons/household) (Ref. 12).

Residential
Radial Distance Households Population Total Population
| 0.0 - 0.25 miles 0 0 0
| 0.25 - 0.5 miles 0 0 650
| 0.5 - 1 mile i i 3 453
i 1 - 2 miles 13 35 235
] 2 - 3 miles 51 138 ’ 2,089
: 3 - 4 miles _12 . 33
Totals 77 209 3,460

]In summary, approximately 209 residents obtain potable water from private wells
'within a 4-mile radius of Courtaulds. Additionally, 1,300 employees of
Courtaulds and neighboring industries obtain potable water from onsite wells.
Another 1,951 people obtain their drinking water from the LeMoyne water system
from wells located within the study area. Therefore, 3,460 people obtain potable
ther from wells located within 4 miles of Courtaulds.

i
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4.0 FIELD INVESTIGATION

4.1 Sample Collection

During the field investigation conducted the week of November 27, 1990, Region
IV FIT attempted to identify and characterize contaminants which may be present
in the environment as a result of the activities conducted at Courtaulds. To
accomplish this, FIT collected environmental surface soil, subsurface soil,

sediment and groundwater samples from a number of strategic locations. These
locations were selected based on historical information, hydrogeological data for
the region and site area and direct observation at the site.

4.1.1 Sample Collection Methodology

'All sample collection, sample preservation and chain-of-custody procedures used

iduring the investigation were in accordance with the standard operating

iprocedures as specified in sections 3 and 4 of the EPA, Region IV, Environmental
¥ Compliance Branch Standard Operating Procedures and Oualitvlissurance Manual (ECB
SOPQAM), Environmental Services Division, (Achens, Georgia, 1990).

4.1.2 Duplicate Samples

=

Region IV FIT offered split samples to John M. Stewart, a representative of
Courtaulds, who declined the samples.

4.1.3 Description of Samples and Sample Locations
2

ering the sampling investigation, Region IV FIT collected 20 environmental
samples: seven surface soil, five subsurface soil, two sediment and six

| { groundwater samples.
| One set each of surface soil and subsurface soil samples were collected from
i’ ‘five soil boring locations. One set was collected in the northwest portion of

.the property and served to establish background conditions.

Two surface soil samples were collected individually without corresponding
subsurface soil samples. Two sediment samples were collected from the sludge
lagoons. One groundwater sample was collected from a drinking water well on the
northwest cornmer of the property to establish background conditions. The
remaining five groundwater samples were collected from onsite process wells.
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Sample location maps are presented as figurzs 3 and 4. Table 1 contains a
summary of sample codes, descriptions, locations and rationale.

4.1.4 TField Measurements

Field measurements were performed on all water samples (Table 2). Parameters
measured included temperature, pH and conductivity of the samples at the time of
collection.

4.2 Sample Analysis

‘The following sections discuss analytical support and methodology, analytical
data quality and data qualifiers and the presentation of analytical results.

4.2.1 Analytical Support and Methodology

;All samples collected during this investigation were analyzed under the Contract
‘Laboratory Program for all parameters listed in the Target Analyte List (TAL) and
.Target Compound List (TCL). DataChem of Salt Lake City, Utah, conducted organic
analyses of soil and water samples. Southwest Research Institute of San Antonio,
Texas, conducted inorganic analyses of soil and water samples.

‘All laboratory analyses and laboratory quality assurance (QA) procedures used
yduring this investigation were in accordance with standard procedures and
protocols as specified in the EPA Region IV Laboratory Operations and Quality
Control Manual, Environmental Services Division (October 24, 1990) or as

specified by the existing EPA standard procedures and protocols for the CLP
statement of work (SOW), as applicable.

'4.2.2 Analytical Data Quality and Data Qualifiers

All the analytical data were subjected to a review as described in the EPA
Environmental Services Division laboratory data evaluation guidelines. In the
tables containing organic and inroganic analytical results, some of the
concentrations of the organic and inorganic parameters have been flagged with a
"J.” This indicates that the qualitative analysis was acceptable, but the
quantitative value has been estimated. Other compounds are flagged with an "N,”
indicating that they were detected based upon presumptive evidence of their
presence. This means that a compound was tentatively identified, and its
detection cannot be used as positive identification of its presence. Results for
some background samples are flagged with a "U.” This flag means that the
material was analyzed for, but not detected. The reported number is the
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TABLE 1

TES VIII WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT

COURTAULDS FIBERS, INC.

LEMOYNE, MOBILE COUNTY, ALABAMA

EPA ID NO. ALDOOE£150617 :
WASTELAN No. (143

SAMPLE CODES, DESCRIPTIONS, LOCATIONS AND RATIONALE

SAMPLE CODE DESCRIPTION LOCATION RATIONALE
'CN-§5-01 Surface Soil Northwest corner of Establish
property, 6 inches background
(bls). conditions.
CN-S5-02 Surface Soil Eastern portion of non- Determine the
hazardous waste landfill, presence or
6 inches bls. absence of
contaminants.
CN-SS-03 Surface Soil West of Mobile River, Determine the
6 inches bls. presence or
absence of
contaminants.
- CN-S5-04 Surface Soil . Western portion of non- Determine the
hazardous waste landfill, presence or
6 inches bls. absence of
contaminants.
CN-SS-05 Surface Soil Spill containment area, 6 Determine the
inches bls. presence or
absence of
contaminants.
CN-SS-06 Surface Soil Fuel maintenance area, 6 Determine the
inches bls. presence or
absence of
) contaminants.
CN-SS5-07 Surface Soil West of sludge lagoons by Determine the
manufacturing plant, 6 presence or
inches bls. absence of
contaminants.
CN-SB-01 Subsurface Soil In conjunction with CN-S5- Establish
01, 4.5 feet bls. : background
conditions.
CN-SB-02 In conjunction with CN-SS- Determine the

Subsurface Soil

02, 4.5 f=et bls.

presence or
absence of
contaminants.

CN = Courtaulds

SS = Surface Soil

SB = Subsurface Soil
bls = below land surface
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TABLE 1

TES VIII WORK ASSIGNMENT NO. C04123

FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
LEMOYNE, MOBILE COUNTY, ALABAMA
EPA ID NO. ALDO08150617
WASTELAN No. Cl43

SAMPLE CODES, DESCRIPTIONS, LOCATIONS AND RATIONALE
SAMPLE CODE DESCRIPTION LOCATION RATIONALE
CN-5B-03 Subsurface Soil In conjunction with CN- Determine the presence
$5-03, 4.5 feet bls. or absence of
contaminants.
CN-SB-04 Subsurface Soil In conjunction with CN- Determine the presence
$S-03, 4.5 feet bls. or absence of
contaminants.
CN-SB-05 Subsurface Soil In conjunction with CN- Determine the presence
S$S8-05, 4.5 feet bls. or absence of
contaminants.
| CN-SD-01 Sediment East sludge lagoon.* Characterize site
contaminants.
‘ CN-SD-02 Sediment West sludge lagoon.* Characterize site
i contaminants.
] CN-PW-01 Groundwater Potable water well on Establish background
northwest corner of conditions.
{ property; depth 110
l feet bls.
CN-IW-01 Groundwater Process well on Determine the presence
northern border, north or absence of
i of sludge lagoons; contaminants.
: depth 128 feet bls.
{ON-IW-02 Groundwater Process well southeast Determine the presence
}i of sludge lagoons; or absence of
ok depth 122 feet bls. contaminants.
de-IW-OB Groundwater Process well northeast Determine the presence
¥4 of sludge lagoons; or absence of
sz depth 132 feet bls. contaminants.
i |
1 CN-1IW-04 CGroundwater Process well southwest Determine the presence
. of sludge lagoons; or absence of
depth 116 feet bls. contaminants.
CN-IW-05 Groundwater Process well north of Determine the presence
! slud%e lagoons; depth or absence of
! 116 feet bls. contaminants.
CN = Courtaulds
SB = Subsurface Soil
SD = Sediment
PW = Potable Well
IW = Industrial Well
bls = below land surface

* = Depths at which sludge samples were collected were not provided in the
field logbook.
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TABLE 2

TES VIII WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
LEMOYNE, MOBILE COUNTY, ALABAMA
EPA ID NO. ALDOO8150617
WASTELAN NO. (143

FIELD MEASUREMENTS

CONDUCTIVITY

SAMPLE CODE TEMPERATURE (°C) {umhos/cm) pH
CN-PW-01 23 37 5.2
CN-IW-01 21 610 5.2
CN-IW-02 19 130 5.7
CN-IW-03 19 35 5.3
. CN-IW-04 19 120 5.0
;_CN-IW-05 19 115 5.0

. CN = Courtaulds
PW = Potable Well
{ IW = Industrial Well .
» umhos/cm = micromhos/centimeters
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laboratory-derived minimum quantitation limit (MQL) for the compound or element
in that sample.

At times, miscellaneous organic compounds that do not appear on the TCL are
reported with a data set. These compounds are labeled "JN," indicating that they
are tentatively identified as estimated quantities. Because these compounds are
not routinely analyzed for or reported, background levels or MQL values are not
generally available for comparison. The complete analytical data sheets are
presented in Appendix B.

4.2.3 Presentation of Analytical Results

1

‘This section presents a discussion and interpretation of the analytical results
from the environmental samples collected during the FIT investigation conducted
at Courtaulds. Analytical results for the soil and sediment samples are
presented in Tables 3 and 4. Analytical results for the groundwater samples are
presented in Tables 5 and 6. Background or control samples have been designated
for all media. Values for background or control samples are presented either as
a measured concentration or as the MQL if the analytei was not detected.
Concentrations of contaminants that are greater than three times control
concentrations are considered to be elevated. If the contaminant was reported
ias an MQL in the control sample, any value greater than MQL for that contaminant
'is considered to be elevated.

!h.2.3.1 Soil and Sediment Sampling Results

Six surface soil and four subsurface soil samples were collected in addition to
ttwo corresponding control samples. Four surface soil samples contained elevated
lconcentrations of inorganic contaminants. The surface soilrsample collected on
the western portion of the nonhazardous waste landfill contained arsenic (4 times
lcontrol), copper (5 times control), lead (13 times control), mercury (7 times
icontrol) and zinc (35 times control). The surface soil sample collected in the
spill containment area contained chromium (3 times control), vanadium (4 times
control) and sulfate (7 times control). Zinc (40 times cbntrol) and sulfate (93
times control) were detected in the surface soil sample collected in the fuel
maintenance area. Chromium (11 times control), lead (10 times control), zinc (14
times control), sulfate (219 times control) and sulfides (10 times control)
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TABLE 3

TES VIIT WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.

e LEMOYNE—MOBILE~COUNT Y-~ ALABANA - -
—ET e EPA ID NO. ALDO0B150617
memsememe. . . YASTELAN NO. 0143

SUMMARY OF INORGANIC ANALYTICAL RESULTS
SURFACE SOIL, SUBSURFACE SOIL, AND SEDIMENT SAMPLES

SLUDGE LAGOON

LANDFILL WEST OF LANDFILL COH%.}A':I[::‘ENT FUEL MANUFACTURING LANDFILL WEST OF LANDFILL CDH?:?&;EHT

CONTROL EAST RIVER WEST AREA MAINTENANCE PLANT CONTROL EAST RIVER WEST AREA EAST WEST
PARAMETERS CN-Ss~- CN-8§-02 CN-SS- CN-S5-04 CN-S5-05 CN-8S-06 CN-5S-07 CN-SB~- CN-SB-02 CN-SB- CN-SB-0& CN-SB-05 CN-SD- CN-SD-
(mg/kg) 01 03 01 03 01 02
ALUMINUM 11,000 2,700 10,000 15,000 20,000 3,700 12,000 19,000 3,000 30,000 16,000 23,000 6,100 15,000
ARSENIC 3U - 2.7 12 4.1 2.9 4.2 3.6 - 6.1 - 7.4 = -
BARIUM 39 7 69 46 65 13 s 40 23 60 23 36 110 &40
CADMIUM 0.70U & - = L — = i a . - = 9.4 e
CALCIUM 150 290 = 1,800 310 140 1,700 130U 340 L 950 = 1,300 340
CHROMIUM 11 3.3 22 25 33 12 30 32 8.4 69 27 41 490 21
COBALT 3U - 2.7 3.7 3.9 2:2 6.5 4.7 - 4.6 3.1 4.9 78 3.3
COPPER 4U - = 20 = 9.3 14 6.6 - 10 - - 190 -
IRON 6,900 4,900 13,000 19,000 31,000 11,000 18,000 26,000 2,600 63,000 17,000 46,000 15,000 9,200
LEAD 14 4.1 10 180 14 17 140 11 4.3 17 6.1 14 86 £
MAGNESIUM 320 140 250 900 720 = 600 670 250 1,100 610 620 780 570
MANGANESE 170 14 62 120 18 41 46 15 24 24 32 13 350 190
MERCURY 0.12U0 = - 0.83 - - - 0.12v = & 0.83 9.6
NICKEL 5u B 7 9.6 6.3 4.1 12 6.7 - 7.9 6.7 6.9 160 16
FOTASSIUM 200 180 160 430 830 - 390 526 210 1,19 450 480 2¢0 117
SODIUM 1300 - - - 180 - 570 130U 270 L - - 25,000 4,000
VANADIUM 17 B.4 28 36 68 o 24 54 8.1 83 34 72 - 22
ZINC 21 5.4 12 730 36 840 300 31 3.9 38 260 30 180,000 1,500
CYANIDE 2.9 - = - = & - - - - - - 75 -
SULFATE 27 - 37 53 180 2,500 5,900 14U 12 20 B4 12 460 1,700
SULFIDES 8.7 = - - - - 8,000 5.8U 180 = 210 = 370 g3

- Material analyzed for but
Bl u Materlal-was analyzed for
R Quality Control Lndicates

not detected above aminimum quantitation limic (MQL).
but not detected.
that data is unusable. Compound may or may not be pruem'.

The number given is the MQL.
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TABLE 4 . T
TES VIII WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
~——LEMOYNE, MOBILE COUNTY, ALABAMA--
EPA ID NO. ALD008150617

2 WASTELAN NO. 0143

SUMMARY OF ORGANIC ANALYTICAL RESULTS
SURFACE SOIL, SUBSURFACE SOIL, AND SEDIMENT SAMPLES

-~
-

SLUDGE LAGOON

SPILL SPILL

SOIL LANDFILL WEST LANDFILL CONTAINMENT FUEL MANUFAC- LANDFILL WEST OF LANDFILL CONTAIN-

TRIP CONTROL EAST OF WEST AREA MAINTENANCE TURING CONTROL EAST RIVER WEST MENT EAST WEST

BLANK RIVER PLANT AREA
PARAMETERS (ug/kg) CN-TB-  CN-§S8- CN-8S-02 CH-SS- CN-S§5-0& CN-S5-05 CN-S5-06 CN-SS-07 CN-SB-01 CN-SB-02 CN-SB- CN-SB-04 CN-SB-05 CN- CR-SD~-

015 01 03 03 SD-01 02
PURGEABLE COMPOURDS
TOLUERE - 1200 - 25 - - - = 6U - - - 9 36 6J
UNIDENTIFIED i 60J/1 40J/1 20J3/1 2003/
COMPOUNDS /NO. " 3
DIMETHYL- . 40JN
CYCLOPROPANE ‘"
THIOPHENE 30JN
DIMETHYL-THIOPHERE ‘" 4QJN
DIMETHYL-DISULFIDE ‘" 20JN
EXTRACTABLE COMPOUNDS
NAPHTHALENE . - 770U - - 180J & o = = = L - = = -
ACENAPHTHENE - 770U - 450J - - - - - - L
DIBENZOFURAN - 770U - - 220J s - - - - - = - = =
FLUORENE - 7700 = - 460J - - - - - - - - - -
PHENANTHRENE - 7700 - - 4,500 - - 160J - - - - - - -
ANTHRACENE - 7700 - - 680J - - - - - - - - - -
DI-N-BUTYLPHTHALATE - 770U - - 150J - 3,800 - - - - - - - -
FLUORANTHENE - 770U - - 3,000 ™ 2B0J 210J - - - - - - -
PYRENE - 770U - - 3,200 - 180J - - - - - - - =
- Material analyzed for but not detected above minimum quantitatlon limit (MQL).
J Estimated Value.
N Presumptive evlidence of presence of materlal.
R) Material was analyzed for but not detected. The number given is the MQL.

Tentatively identifled and unidentified compounds. This compound ls not on Target Compound List and Ls reported only as detected in individual samples; MQL not determined.

23




O

TABLE 4, Continued
TES VIITI WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
LEMOYNE, MOBILE COUNTY, ALABAMA
EPA-ID -NO..ALDO08150617

g 1a2 WASTELAN NO. 0143
SUMMARY OF ORGANIC ANALYTICAL RESULTS
SURFACE SOIL, SUBSURFACE SOIL AND SEDIMENT SAMPLES

-’

SLUDGE LAGOON

SPILL SPILL
SOIL LANDFILL WEST LANDFILL CONTAINMENT FUEL MANUFACTURING LANDFILL WEST LANDFILL CONTAIN
TRIP  CONTROL EAST OF WEST AREA MAINTENANCE PLANT, CONTROL  EAST OF WEST -MENT EAST WEST
BLANK RIVER RIVER AREA
PARAMETERS (ug/kg) CN-TB- CN-S$-01  CN-55-02 CN-SS- CN-55-04  CN-S§-05 CH-55-06 CN-S5-07  CN-SB-01 CN-SB-02 CN- CN-SB~04 CN-SB- CN-SD-01 CN-SD-
015 03 SB-03 05 02
BENZO(A) ANTERACENE - 7700 - - 1,900 - - - - - - - - - -
CHRYSENE - 770U - - 1,600 - - - - - - - - - -
BENZO(B AND/OR K) - 7700 - - 1,900 - - = = - 2 - % = =
FLUORANTHENE
BIS(2- - 770U - - 960 - - - - - - - - - -
ETHYLHEXYL) PHTEALATE
BENZO(A)PYRENE & 770U . i 850 . - - - - - - - - -
INDENO(1,2,3-CD)PYRENE - 770U - - 630J - - - - - - - - - -
BENZO(GHI)PERYLENE - 770U - - 170 - - & o = - = = = -
GAMMA SITOSTEROL '" 2,000JN
METHOXY- i 3,000 |
FRIEDOOLEANENE " N
BENZOFLUORANTHENE (NOT B 1,000JNJ
OR K)
EPOXY-B-" i 4,000JN
FRIEDOSECOPENE
HEXADECARE " 10, 000JN
HEPTADECANE " 10, 000JN
TETRA- i 8,000JN
METEYLBUTYLPHENOL ‘"
gg:nﬁptzrxro COMPOUNDS/ - 30,000J/11 600J/1 70,0003/4 3,000J/2 4,0003/2 2,000J/2 : 9,000,000 30,000J ‘
; J/1 114
PESTICIDE/PCB COMPOUNDS
‘
PCB-1260 (AROCLOR 1260) - 370U - - 1,100 - - = = = = % = s " ‘

Estimated Value.
Presumptive evidence of presence of material.
Material was analyzed for but not detected.

=z«

Material analyzed for but not detected above minlmum quantitation limit (MQL).

The number given Ls the MQL. ]
Tentatively ldentified and unidentified compounds. This compound is not on Target Compound Llst and is reported only as detected in Individual samples; MQL not determined. ‘
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TABLE 5

="

TES VIII WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
LEMOYNE, MOBILE COUNTY, ALABAMA
EPA ID NO. ALD008150617
WASTELAN NO. 0143

SUMMARY OF INORGANIC ANALYTICAL RESULTS
GROUNDWATER SAMPLES

O

PRESERVATIVE POTABLE WELL ONSITE INDUSTRIAL WELLS
BLANK CONTROL

PARAMETERS CN-PB-01 CN-PW-01 CN-IW-01 CN-IW-02 CN-IW-03 CR-IW-04 CN-IW-05
(ug/l)
BARIUM = 25 58 32 27 39 64
CALCIUM - 610 1,300 2,100 1,100 1,900 3,600
COBALT - 8u =~ - * 12 -
COPPER - su - - - - 31
IRON = 80U = 890 - 670 L
MAGNESIUM - 600U 1,200 1,100 680 1,000 1,700
MANGANESE < 30 41 59 47 110 46
POTASSIUM - 720U 770 - - - 1,000
SODIUM - 2,600 20,000 17,000 4,300 19,000 17,000
ZINC = 6U - 19 14 78 67
SULFATE - 1,000UR 20,000 27,000J - 34,000J 19,000J
SULFIDES - 1,400J - - 4,000J 14,000 3,600J

Material analyzed for
Estimated Value.
Material was analyzed

mCl

but not detected above mlnimum quantitation (MQL).

for but not detected.
Quality Control indicates that data is unusable.

The number given Ls the MQL.

Compound may or may not be present.
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TABLE 6

TES VIII WORK ASSIGNMENT NO. C04123
FINAL SITE INSPECTION REPORT
COURTAULDS FIBERS, INC.
LEMOYNE, MOBILE COUNTY, ALABAMA
EPA ID NO. ALD0O08150617
WASTELAN NO. 0143

-SUWMRY OF ORGANIC ANALYTICAL RESULTS
GROUNDWATER SAMPLES

TRIP BANK POTABLE WELL ONSITE INDUSTRIAL WELLS

CONTROL
PARAMETERS (ug/l) CN-TB-01W CN-PW-01 CN-IW-01 CN-IW-02 CN-IW-03 CN-IW-04 CN-IW-05
PURGEABLE
COMPOUNDS
CARBON B 50 - - 3J - =
TETRACHLORIDE
TRICHLOROETHENE = S5U - - 4J - »

- Material analyzed for but not detected above minimum quantitatlion (MQL).
J Estimated Value.
U Marerlal was analyzed for but not detected. The number gilven is the MQL.
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were detected in the surface soil sample collected near the manufacturing plant.
The only subsurface soil samples that conrained elevated concentrations of
inorganic contaminants were the two samples collected in the nonhazardous waste
landfill. Elevated concentrations of mercury (7 times control), zinc (8 times
control), sulfate (6 times control) and sulfide (36 times control) were detected
in the surface soil collected from the western portion of the landfill, while
only sulfides (36 times control) was detected in the suﬂsurface soil sample
collected from the eastern portion of the landfill.

Of the inorganic contaminants detected at elevated concentrations in soil samples
zinc, sulfate and sulfides are related to the viscose process.

Only two surface soil samples contained elevated concentrations of organic
contaminants (concentrations greater than MQL), while three samples contained
estimated quantities of organic contaminants. Fourteen ﬁolynuclear aromatic
hydrocarbons (PAHs), 2 phthalates and Aroclor 1260 (polychlorinated biphenyl
[PCB]) were detected in the surface soil sampie collected in the eastern portion
of the nonhazardous waste landfill. The surface soil samﬁle collected in the
fuel maintenance area contained three identified organic compounds and the
‘surface soil sample collected in the manufacturing area contained two identified
‘organic compounds. Both samples contained two PAH compounds. The organic
icontaminants that were detected in these soil samples are compounds commonly
ifound in either petroleum products or plasticizers.

The sludge lagoons also contained inorganic contaminants.” A control sediment

sample was not collected as these two sediment samples were considered
representative of waste. The following contaminants were present: barium,
cadmium, chromium, cobalt, copper, lead, manganese, mercury, nickel, and zinc.
!Sulfate and sulfide were also detected. Toluene (36 micrograms/kilograms [pg/kg]
and 6 pg/kg) along with five miscellaneous compounds detected at estimated
concentrations were the only organic contaminants detected in the sludge lagoon
samples. The eastern lagoon in general contained more contaminants at higher
levels than the western lagoon. '

4.2.3.2 Groundwater Sampling Results

‘Each of the groundwater samples which were collected from four process wells
contained at least one of the contaminants associated with the viscose process
(zinc, sulfate or sulfide) at elevated concentrations. The; process well sample
collected southwest of the sludge lagoons contained zinc (13 times MQL), sulfide
(10 times control) and sulfate (34 times MQL), while the process well sample
collected southeast of the sludge lagoons contained zinc (3 times MQL) and
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sulfate (27 times MQL). The process well on the northeast corner of the sludge
lagoons contained zinc (11 times MQL) and sulfate (19 times MQL). Sulfate
(20 times MQL) was detected in the process well sample collected on the northern

border of the property, north of the sludge lagoons. :

Additionally, manganese (4 times control) was detected in one process well.

Organic compounds were not detected at elevated concentrations in any of the
groundwater samples.
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5.0 SUMMARY

Surface soil, subsurface soil, sediment and groundwater samﬁles collected during
the SI contained elevated concentrations of inorganic contaminants. Elevated
concentrations of at least one of the contaminants associated with the viscose
process (zinc, sulfide or sulfate) were detected in four surface soil, two
subsurface soil, two sediment and four groundwater samples. Other inorganic
contaminants detected at elevated concentrations in at least one surface soil
sample include the following: arsenic, copper, chromium, lead, mercury and
vanadium. Additionally, sediment samples collected from the sludge lagoons
contained the following inorganic contaminants: barium, . cadmium, chromium,
cobalt, copper, lead, manganese, mercury and nickel. Toluene was also detected
in the sludge lagoon sediment samples. Three surface soil samples contained
organic compounds such as PAHs, phthalates or Aroclor 1260. The areas of
greatest contamination were the sludge lagoons and the' nonhazardous waste
landfill.

These contaminants can be transported along the surface water migration pathway
through wetlands located on the western bank of the Mobile’River and then into
‘the river itself to complete the 1l5-mile surface water’ migration pathway.
'Fishing is conducted in the Mobile River. Additionally, there are endangered or
ithreatened species living in either the river or the wetlands areas surrounding
‘the Mobile River.

| . = = 2 _
Potable water for the study area is obtained from either private or municipal

wells located within a 4-mile radius of the facility. Site-related contaminants
hdve been documented at elevated levels in onsite groundwater wells.

Based on the presence of site-related contaminants in groundwater, and the

'potable use of groundwater in the vicinity of the site, it is recommended that
'this site be considered for further action under CERCLA.
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EXECUTIVE SUMMARY

Introduction

The Endangerment Assessment for the Cold Creek/LeMoyne
site is based on existing data from the Remedial Investigation
and other information provided to ERT by Stauffer Chemical
Company. The development of this Endangerment Assessment (EA)
is consistent with the requirements of the National Contingency
Plan (NCP), and conforms to EPA guidance regarding EAs at
CERCLA sites.

Site Description and History

Stauffer Chemical Company previously owned and operated a
multi-product inorganic chemical manufacturing plant at
LeMoyne, Alabama and an agricultural chemical facility at the
adjacent Cold Creek site. The LeMoyne plant, purchased by Akzo
Chemie America, Inc. {(now Akzo Chemicals Inc.) in 1987, has
been in operation since 1953. The Cold Creek plant has been in
operation since 1966 and is currently owned by ICI Americas,
inc.

Halby Chemical Company (later part of Witco, Inc.) also
operated a small facility for a time on a leased section of the
LeMoyne property.

Until 1973, industrial wastes from these operations were
disposed in unlined disposal areas and, in the case of
wastewater, to unlined ponds or, after treatment, by discharge
to Cold Creek swamp. Presumably as a result of these
practices, a ground-water contamination problem developed.

This was recognized in the early 1970's, and many improvements
and waste-handling modifications were made, including the
installation of a ground-water intercept and treatment system.

In 1982, an assessment of the plant sites was made by the
Alabama Department of Public Health in response to submissions
made by Stauffer to the House Committee on Interstate Commerce

ES-1
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("the Eckhardt Survey"). At the request of the Alabama
Department of Public Health, monitoring wells were installed
around the three closed landfills. In spite of the previously
identified ground-water problems already under remediation,
data primarily from these monitoring wells were held by the
Federal Environmental Protection Agency (EPA) to be the basis
for inclusion of these facilities on the National Priocorities
List (NPL), which ranks hazardous waste disposal sites under
provisions of the Comprehensive Environmental Response,
Compensation and Liability Act of 1980 (CERCLA), commonly known

as "Superfund".

Exten £ ination

To properly assess the potential public health and
environmental impacts from the Cold Creek/LeMoyne site, a
characterization of the potential areas of contamination must
be made. These include the nine ponds or lagoons, four of
which are still active, the three closed landfills, and
portions of the two swamps (Cold Creek and LeMoyne).

Based on the frequency of detection, the concentrations
detected, and the toxicological properties of the contaminants
which have been found at the site, the following compounds were
selected as "representative" compounds. These are:

carbon tetrachloride;
carbon disulfide;
cyanide;

mercury;

6 thiocarbamates (including EPTC, butylate, cycloate,
molinate, pebulate, and vernolate); and
™ thiocyanate.

ES-2
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Exposure Assessment

The Cold Creek/LeMoyne site is located in an industrial
area and is surrounded by several other large chemical
production companies. Fewer than 10 residences are located
within one mile of the site, and none of them are downgradient
of the contaminated ground water at the site. The nearest
population centers include Mt. Vernon (with a population of
1,038), which is located about 8 miles north of the site, and
Creola (population of 673), which is located about 5 miles to
the south (U.S. Department of Commerce, 1981).

The majority of the chemical plants as well as the local
communities in the area obtain water from the water-table
aquifer. The Cold Creek facility has one drinking-water well
and one backup well, and the LeMoyne facility has two
drinking-water wells. The CNA facility tc the south has one
drinking-water well and a backup well. These wells were
sampled during the RI, and no contaminants were detected.

Both Cold Cfeek swamp and LeMoyne swamp represent the most
important environmental receptors at the site. These swamps
currently support a diverse variety of plants and animals,
including the alligator, which is currently listed as a
threatened species. The Mobile River, which forms the eastern
boundary of the site, is also a potential environmental
receptor.

After identifying the potential receptors and the
contaminants to which they may be exposed, it is necessary to
determine the ways in which they may be exposed and the
frequency and magnitude of the potential exposure. Human
exposure to the contaminants identified at the Cold
Creek/LeMoyne site can potentially occur directly through air,
water or solid media (soils, sediments or sludges) or
indirectly through the food chain; however, the most likely
exposure pathways are as follows:

ES-3
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Incidental ingestion of contaminated swamp sediments;
dermal contact with contaminated swamp sediments;

ingestion of contaminated biota; and,

ingestion of contaminated ground water.

Exposure to contaminated swamp sediments and via ingestion
of fish is probably infrequent because the site is located in
an industrial area and people generally do not spend much time
in wetland areas unless they are bird watchers or are on other
kinds of nature walks. In addition, shoes and other articles
of clothing will help to protect anyone from direct contact
with the swamp sediments. Ingestion of contaminated fish is
also expected to be infrequent because it is unlikely that
anyone fishes in Cold Creek swamp, given its proximity to
industrial property, its restricted access, and the small size
of the fish in the swamp.

No current risk appears to exist from exposure to
contaminated ground water at the site, because none of the
contaminants have been detected in any of the drinking-water
wells in the immediate vicinity of the site. It is highly
unlikely that future exposure to contaminated ground water
would occur, because a permit is required for the installation
of a potable water well from the state of Alabama, and it is
unlikely that a permit would be granted given the documented
ground-water contamination at the site.

H h Risk acterization

Quantitative risk estimates were conducted for both adult
workers and teenagers that could be exposed to contaminants at
the Cold Creek/LeMoyne site. Using conservative assumptions,
risks were calculated for hypothetical individuals who may come
in contact with hazardous compounds via exposure to
contaminated swamp sediments and ingestion of contaminated fish
and ground water. Two scenarios were developed for each
exposure route., The worst-case scenario assumes that an
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individual is exposed to the maximum concentration of the
compound measured in that media (i.e., sediments or fish), and
the realistic case uses average concentrations found at the
site. For teenagers, it was assumed that they would be exposed
to contaminated swamp sediments 6 times per year for a period
of 5 years, and for adult workers it was assumed that they be
exposed 12 times per year (once a month) for 30 years. In
determining risk from ingestion of contaminated fish, it was
assumed that an individual would consume 26 grams of fish per
day for a period of 30 years.

Results of the quantitative risk assessment for
noncarcinogens show that individuals exposed to contaminants at
the Cold Creek/LeMoyne site are not at risk, even if they are
exposed to maximum concentrations under current conditions.
Even when the risks for each exposure route and each compound
are summed, the total Hazard Index (HI) is still less than
unity, showing that the estimated doses are less than the
threshold doses (i.e., the dose below which no adverse effects
are expected to occur). However, care must be taken when
interpreting summed HI's, because adding them assumes that
their toxicological effects are additive, which may not be true.

The underlying assumption for assessing the risks from
suspect or known human carcinogens is that there is no
threshold for an adverse health effect. Carcinogenic risk is
quantified by multiplying an EPA-derived cancer potency factor
by the estimated intake (dose) to calculate cancer risk due to
each site-related exposure. Carbon tetrachloride is the only
indicator compound at the Cold Creek/LeMoyne site which is
considered by the EPA to be a suspect human carcincgen. This
compound was only detected in the ground water and in
subsurface soil samples from beneath the wastewater treatment
ponds. As discussed above, there is no current risk from
exposure to contaminated ground water, and therefore, there is
no current risklfrom carbon tetrachloride at this site.

However, carcinogenic risk from carbon tetrachloride ranges
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from 3.57 x 102

contaminated ground water in the future for a period of thirty

to 5.28 x 10°° should a worker ingest
yvears, which is highly unlikely.
Environmental Impacts

The most environmentally sensitive portion of the site is
believed to be the Cold Creek swamp. Sediment concentrations
and fish body burdens of mercury appears to be elevated in this
area. Potential exposure routes for aquatic and semi-aquatic
organisms include water, sediment and food-chain pathways, with
the food-chain exposure route predominating at higher trophic
levels. The U.S. Fish and Wildlife Service (USFWS) considers
the swamp to be a preferred habitat for the threatened American
alligator (Alligator mississippiensis), and the potentially
endangered Alabama Red-Bellied turtle (Pseudemys alabamensis).

Current data are not adequate to assess the exposed biota
populations or estimate exposure via all pathways and thus to
estimate potential risks to these populations. With the data
at hand, the potential for adverse affects to sensitive birds
and mammals, if these inhabit the wetland, cannot be ruled out.
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Site Review and Update: A Note of Explanation

The purpose of the Site Review and Update is to discuss the current status of a hazardous
waste site and to identify future ATSDR activities planned for the site. The SRU is
generally reserved to update activities for those sites for which public health assessments
have been previously prepared (it is not intended to be an addendum to a public health
assessment). The SRU, in conjunction with the ATSDR Site Ranking Scheme, will be used
to determine relative priorities for future ATSDR public health actions.



REVISED SITE REVIEW AND UPDATE

STAUFFER CHEMICAL COMPANY (COLD CREEK PLANT)
BUCKS, MOBILE COUNTY, ALABAMA
CERCLIS NO. ALD095688875
AND
STAUFFER CHEMICAL COMPANY (LEMOYNE PLANT)
LE MOYNE, MOBILE COUNTY, ALABAMA

CERCLIS NO. ALDO008161176

Prepared by

Alabama Department of Public Health
Under a Cooperative Agreement With
Agency for Toxic Substances and Disease Registry



SUMMARY OF BACKGROUND AND HISTORY

The Cold Creek and LeMoyne Superfund Sites (the sites) are located approximately 20 miles
north of Mobile, Mobile County, Alabama in the rural community of Axis (Figure 1).! Land
use surrounding the sites is predominately industrial (Figure 2). The Alabama Power Barry
Steam Generating Plant, a coal-fired, electrical generating station, is located north, Hoechst
Celanese Corporation is northwest, and ATOCHEM is west of the sites. Other nearby
chemical production facilities include Courtauld Fibers, Inc., and DuPont, Inc. The Cold
Creek Swamp begins north-northeast of the sites, and continues to the Mobile River, about
one and one-half miles to the east." The swamp encloses about 650 acres. Cold Creek
passes through the swamp and flows into the Mobile River.

The Stauffer Chemical Company once owned both plants, which together comprise 947
acres. Zeneca (formerly ICI Americas, Inc.) currently owns the Cold Creek Plant, and Akzo
Chemical, Inc. owns the LeMoyne Plant. The companies maintain active production plants
on the property, and share responsibility for the sites. The sites are being studied and
cleaned-up together.? Under Stauffer Chemical Company ownership, the LeMoyne plant
began operations in 1953 with a retort carbon disulfide (CS,) plant. Other production
facilities were added later, including a reactor CS, plant (1956), a sulfuric acid plant (1957),
a carbon tetrachloride (CTC) plant (1963), a caustic/chlorine plant (1964), and Crystex (a
proprietary sulfur compound) plant (1974). Halby Chemical Company (later part of Witco,
Inc.) operated a plant on a leased section of the LeMoyne property from approximately 1965
to 1979. The LeMoyne plant was acquired by Akzo Chemie America (now Akzo Chemicals,
Inc.) in 1987. The Cold Creek plant began operations in 1966 and expanded its operations
to include production of a variety of agricultural chemicals, including several thiocarbamates.
Zeneca now owns the Cold Creek plant.’

Past wastewater disposal practices at the Stauffer plants resulted in the contamination of the
on-site soils with thiocarbamates and thiocyanate; the groundwater with carbon tetrachloride,
carbon disulfide, and thiocarbamates; and swamp sediment and fish with mercury.” The sites
have been divided into three operable units (OUs): the 18 solid waste management units
(SWMUs) (Figure 3), the groundwater, and the Cold Creck Swamp.

Wastewaters from the Cold Creek and LeMoyne plants and the Halby Chemical Company
were discharged into Cold Creek Swamp. In 1975, an effluent line was constructed to allow
discharge of processed wastewater directly into the Mobile River. The swamp no longer
receives effluent discharge.’

On-site contaminant source clean-up activities were started in late 1973. Three intercept
wells and an air stripping system were installed in late 1980 to contain groundwater
contamination. The wells were approved by the Alabama Water Improvement Commission,
now the Alabama Department of Environmental Management (ADEM).?



In 1982, the Alabama Department of Public Health (ADPH) and the U.S. Environmental
Protection Agency (EPA) investigated the site. Metals, chlorides, carbon tetrachloride, and
assorted organic compounds were detected. As a result, the EPA added the Cold Creek and
LeMoyne sites to the National Priorities List (NPL). The Cold Creek site was ranked number
204 and the LeMoyne site was ranked number 467. The Remedial Investigation/Feasibility
Study (RI/FS) was submitted to the EPA in 1988.

The Public Health Assessment (PHA) for the Cold Creek and LeMoyne sites was completed
in January 1989.> No contaminants of concern were found off-site at concentrations high
enough to cause adverse health effects. The PHA did find that mercury was present in
swamp sediments and fish at levels that could cause adverse health effects in exposed people.
Trespassers in the swamp, including children, were cited as a population that might be
exposed to mercury contaminated swamp sediments through incidental ingestion, inhalation,
or dermal contact. The main potential human exposure pathway was through eating mercury
contaminated fish, but the data were insufficient to judge whether exposure had occurred.
The PHA classified the sites a potential health concern, and made the following
recommendations.

The contaminated groundwater should continue to be withdrawn and treated.
2. Restricted access to the Cold Creek Swamp should be continued.

3. Consideration should be given to determining the extent of mercury
' contamination in the Cold Creek Swamp and Mobile River. In order to
delineate the mercury contamination, a methodical sampling plan should be
developed and implemented. This plan should determine the total extent of
mercury sediment and fish contamination.

4, In order to more adequately assess human exposure, information on the
recreational use of the creeks, river, and land near the sites should be obtained.

- Additional sampling of consumable fish from the Cold Creek Swamp is
warranted. This measure would facilitate assessment of human exposure to
mercury contaminated fish.

6. Groundwater monitoring should be continued to ensure that the groundwater
interception system is preventing the migration of contaminants of concern.
CURRENT CONDITIONS OF THE SITE
Brian Hughes, PhD, Environmental Toxicologist and Janice Gilliland, MSPH, Epidemiologist,
from the ADPH, visited the sites on August 12, 1993. Public access to the active plant areas

is restricted by a chain-linked fence. Much of the property outside the active plant areas is
grass covered. The Cold Creek Swamp can be entered from the Mobile River and by

2



crossing through Alabama Power property on the north or Courtauld Fibers, Inc. property to
the south. No physical hazards were noted during the visit.

The final Decision Document for the SWMUs at the Stauffer Cold Creek/LeMoyne sites
(completed in December 1992*) presented evidence that the Cold Creek Old Neutralization
Pond, the LeMoyne Landfill, and the Old Carbon Tetrachloride Plant wastewater treatment
(WWT) pond/Old Carbon Disulfide Plant WWT pond, and possibly the Old Halby Pond, may
have leached contaminants of concern into the groundwater. Contaminants of concern
detected in the groundwater and reported in the Decision Document for the SWMUs (OU-2)
were thiocarbamates, carbon tetrachloride, carbon disulfide, and thiocyanate. Apparently, on-
site groundwater contamination is being contained by the pump and strip treatment wells, and
is not an exposure pathway of concern at this time.

The Old Firewater pond and the Unnamed Tributary are on-site units that present ecological
concerns. The Decision Document recommends that a focussed study be conducted on each
of these units to identify potential chemicals of concern and as a preliminary evaluation of
ecological risk.* There is no known completed human exposure pathway.

The EPA is working with Zeneca and Akzo Chemicals, Inc. to identify further the nature and
extent of contaminants related to the SWMUs on the sites. At present, we believe that a
potential exposure pathway exists for remediation workers only.

Mercury contamination in the sediments and biota in the Cold Creek Swamp is a past and
present health concern associated with the site. The Remedial Investigation (RI) Report on
the Cold Creek Swamp Operable Unit, released in March 1992, documents the extent of
mercury contamination in the swamp. Sampling for the Cold Creek Swamp RI was
conducted in three phases, designated Stage 1, Stage II, and Stage ITI. Stage I sampling
confirmed mercury as the primary contaminant of concern in swamp soils and sediments.?
Because the potential for human exposure to mercury in sediments lessens with greater depth,
we limited our assessment to mercury levels in the top 12 inches of sediments.

The highest mercury concentrations are found in the Upper Swamp zone, and generally
decrease as distance from the source increases. Mercury was found at a maximum
concentration of 1600 mg/kg (estimated value) in Stage IT D core samples taken from the top
12 inches of sediment in the upper swamp. Concentrations in the D samples from the same
depth decreased in the lower swamp to a maximum level of 55.1 mg/kg (estimated value).

Some samples were collected to determine the bioaccessibility of the mercury in the swamp.
Samples taken at the 0 - 4 inch depth (B samples) in the middle swamp revealed
concentrations of total mercury up to 632 mg/kg (estimated value, Sample B-29), and 470
micrograms per kilogram of methyl mercury (B-34).

The Stage III sampling provided an assessment of mercury contamination in the swamp bibta.
Analyses were based on whole body samples from finfish, herptiles and invertebrates. Only
the results from the finfish samples are discussed here.



Ten finfish were collected from each of the three swamp zones (upper, middle and lower).
Specimens ranged in size from 101 to 600 millimeters in length. The species and the number
of fish per species sampled varied among the swamp zones. Total mercury ranged from a

low of 0.14 mg/kg in a bluegill from the upper zone, to a high of 3.5 mg/kg in a chain
pickerel in the lower swamp.

On May 11, 1992, the Mobile County Health Department issued a no consumption advisory
for fish caught in the Cold Creek Swamp. The advisory was issued because the mercury
concentrations in many fish samples exceeded the Food and Drug Administration action level
of one part per million or one mg/kg, and the fish were from an area accessible to the Mobile
River. The fish advisory is still in effect.

The EPA issued a Record of Decision (ROD) in October 1993 documenting the selected
clean-up plan for the Cold Creek Swamp. The ROD recommends the upper arm swamp zone
(Figure 4) be capped with a multi-layer cover consisting of different materials to reduce
exposure to and movement of the contamination. Barriers will be created to isolate the upper
arm from the rest of the swamp. A intermittent creek that runs through the upper arm swamp
zone will be diverted. The upper arm swamp zone will be monitored for 10 years.

Parts of the swamp middle/lower transition zone (Figure 4) where mercury levels exceed
remedy performance standards will be excavated to a depth of two feet. The excavated
material will be hauled to the upper arm swamp zone and placed under the multilayer cap.
The remedies selected for the Cold Creek Swamp meet all necessary Federal and State
requirements. The EPA will perform the remedial design.

CURRENT ISSUES

Mercury contamination is still present in swamp sediments and fish. Long-term mercury
exposure can cause permanent damage to the brain, kidneys and developing fetuses.® People
trespass in the swamp and may be exposed to mercury through incidental ingestion, inhalation
or dermal contact. The exposure pathway of most concern, however, is through ingestion of
mercury contaminated fish from Cold Creek and the Cold Creek Swamp.

Surprisingly, fish from the lower swamp zone have the highest whole body tissue levels of
total mercury. In the lower zone, seven of ten fish had concentrations of total mercury at or
above 1 mg/kg. Five of the ten specimens sampled were chain or redfin pickerel, and four of
these had mercury levels above 1 mg/kg. The highest mercury level reported in fish was 3.5
mg/kg, found in a chain pickerel in the lower swamp zone. Four of ten fish sampled in the
middle zone had total mercury levels above 1 mg/kg. Of the four with elevated mercury
levels, two were chain pickerel and two were largemouth bass. Only one of ten specimens in
the upper zone had a total mercury level at or above 1 mg/kg. No pickerel were included in
this sample; however three of the ten fish were largemouth bass, none of which had mercury
levels above the FDA action level. The observed variation in mercury levels among the three



swamp zones may be a result of differences in species and number of fish per species that
were sampled from each area,

A public availability meeting (PAM) held on July 24, 1993 to determine community health
concerns about the sites. The PAM was well attended, but most people had no site-related
complaints and wanted to discuss concerns about other nearby industries. Some people
expressed health concerns regarding the safety of private groundwater wells and the local
municipal water supply. A few local residents still use shallow domestic wells for drinking
water. Several people also mentioned that they no longer eat locally caught fish or game for
fear of contamination.

CONCLUSIONS

Past manufacturing practices at the Cold Creek and LeMoyne Superfund sites resulted in
contamination of the groundwater, on-site soils and the Cold Creek Swamp. There is no
known past or present exposure to contaminated groundwater. The corrective action wells
appear to have restricted groundwater contamination to the sites. The SWMUs in the active
plant areas have been or are being remediated, and do not present a potential exposure
pathway to off-site populations. Trespassers may be exposed to mercury through incidental
ingestion, inhalation or skin absorption from contaminated sediments in the Cold Creek
Swamp. The EPA has selected a cleanup remedy for the Cold Creek Swamp, but the ROD
has not been implemented.

The primary exposure pathway of concern at the sites is from eating mercury contaminated
fish from the swamp. Whole body analyses of fish samples from the site show that mercury
is being bioaccumulated at concentrations above the FDA action levels (one part per million).
It is important to note that mercury levels in the edible portions of fish would be higher than
levels from whole body analysis. However, we do not know if exposure is occurring. The
swamp and creek are on privately owned industrial property and public access is restricted.
In addition, a no consumption fish advisory is in effect for Cold Creek Swamp. For these
reasons, we do not believe that consumption of fish from Cold Creek Swamp is a completed
exposure pathway of concern at this time. However, if people are eating fish from the
swamp, we will need to reassess the situation.

Several recommendations in the 1989 PHA were followed, including continuing monitoring
and treatment of the groundwater, continuing to restrict access to Cold Creek Swamp,
determining the extent of mercury contamination in the swamp, and additional sampling of
fish from the swamp. The PHA recommended additional studies of the extent of
contamination in the Mobile River. An EPA study of the Tombigbee and Mobile Rivers is
now underway. The sites will need to be reevaluated when data from that study become
available.



RECOMMENDATIONS
Recommendations from the previous PHA that generally remain valid are listed below.
1. The contaminated groundwater should continue to be treated and monitored.

2. Access to Cold Creek Swamp should continue to be restricted to prevent
incidental exposure to mercury contaminated swamp sediments.

3. Information on the recreational use of local creeks, the river, and land near the
sites is needed to better assess possible human exposure.

In addition, the ADPH recommends that the no fish consumption advisory on Cold Creek
Swamp be continued until the contamination of mercury in fish tissue decreases to acceptable
levels. When data from the Tombigbee/Mobile River study become available, the sites should
be reevaluated to learn whether surface water, sediments or fish are possible human exposure
pathways to contaminants of concern.

Health Activities Recommendation Panel Recommendations:
The data and information developed in the Site Review and Update have been evaluated to
determine if follow-up actions may be indicated. Further site evaluation is needed to
determine appropriate public health actions.
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Region 4: Superfund

Serving Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee and 6 Tribes

Contact Us Search: Go|
You are here: EPA Home Region4 Superfund 7 Stauffer Chemical Co. (LeMoyne)

Stauffer Chemical Co. (LeMoyne Plant)

Site Summary Profile National Information
EPA ID: ALD008161176
Location: Axis, Mobile County, AL
Lat/LongE 30.969.43(?, -088.017500 Site Location
Congressional District: 01 . Site Contaminants of Concern
NPL Status: Proposed: 09/08/83; Final 09/21/84 Site Alias
Affected Media: Ground water, Sediment, Soil
Cleanup Status: Site cleanup activities are -
underway Photos/Multimedia
Site Reuse/Redevelopment: Continued use - |
industrial
Site Manager: Michael Arnett
(arnett.michael@epa.gov)

CERCLIS Site Profile
Additional Site Documents

Site Background

Threats and Contaminants

Site Cleanup Plan

Cleanup Progress

Enforcement Activities Site Photo Goes Here

. - Additional Site Photos

Community - Site Video

Involvement

Future Wor Additional Resources

Additional Information Site Cleanup Terms - can be

b found in EPA's glossary
Site Background EPA Guides to Cleanup
Technologies

The Stauffer Chemical (LeMoyne Plant) Site is located in Mobile Superfund Community
County in Axis, Alabama, approximately 25 miles north of the Involvement (PDF) (17 pp,
City of Mobile. The site is adjacent to the Stauffer Chemical 130K, About PDF)

(Cold Creek Plant) Superfund Site. The two Sites cover
approximately 950 acres. The Cold Creek Plant encompasses
about 220 acres and the LeMoyne Plant encompasses 730 acres.

The LeMoyne plant began operations in the 1950s manufacturing various hazardous chemicals and
is currently owned by Akzo Nobel, Inc. The plant manufactures multi-product organic and inorganic
chemicals including carbon disulfide, sulfuric acid, sulfur chlorides, monochloroacetic acid (MCA),
sodium hydrosulfide and Crystex, a proprietary sulfur compound.

From 1965 to 1974, waste from the plant was placed in an unlined landfill located on the eastern
side of the property. The waste included brine muds, plant refuse, used chemical samples, and
absorption oil. The LeMoyne Landfill was closed in 1975 with an impermeable cap and liner.

From 1965 to 1979, a small portion of land on the western end of the LeMoyne site was leased by
Stauffer to the Halby Chemical Company, which manufactured dye chemicals. A waste pond (the
“Halby Pond”) was located in the southwest portion of the former Halby area, adjacent to the
Norfolk Southern Railroad. Waste products and effluents, including thiocyanates, were reportedly
held in this pond and eventually discharged to the adjacent Cold Creek Swamp.

The surrounding area is primarily industrial with a few residential communities within a few miles of
the site.

Top of page

Threats and Contaminants

Several ponds containing contaminated soils and/or sludges exist at the Stauffer sites. Ground
water at the site is contaminated with carbon tetrachloride, carbon disulfide, thiocarbamates, and
thiocyanate.
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Site Cleanup Plan

Due to the size and complexity of the site, EPA identified four operable units (OUs): OU-1 (ground
water). OU-2 (various contamination sources found at the site); OU-3 (contamination found in the
650-acre Cold Creek Swamp adjacent to the plant); OU-4 (still being assessed and defined). OUs 1
and 3 are common operable units between the adjacent Stauffer Sites.

The Record of Decision (ROD) for OU-1 was issued in 1989. The cleanup approach included:

Modify existing ground water intercept and treatment system and install additional
monitoring and extraction wells.

Continue extracting ground water from the surficial aquifer via existing and additional
extraction wells.

Monitor ground water movement at the site to determine the adequacy of the cleanup
activities.

Ground water monitoring at the sites for 30 years.
The ROD for OU-2 was issued in 1999. Major components of the cleanup approach included:

Construction of a soil flushing system in the former Halby area to accelerate the migration
of contaminants from the subsurface soil into the ground water where contaminants will be
remediated by the existing OU-1 treatment system.

Monitoring of subsurface soil for cyanide and thiocyanate in the former Halby area on an
annual basis.

Institutional controls to restrict construction on the former Halby area until the subsurface
soil performance standards are met and EPA determines that the site is available for
unrestricted use.

The ROD for OU-3 was issued in 1993. Major components of the cleanup approach included:

Excavation of contaminated soil from the Transition Zone area of the Cold Creek Swamp.
Disposal of the soil in the Upper Arm Swamp Zone. Soil will be capped.

A ROD has not yet been developed for OU-4.

Top of page

Cleanup Progress

All components of the ground water extraction system for OU-1 are currently in place and
operating.

The Remedial Design for OU-2 has been completed. The responsible parties stated to undertake the
cleanup activities for OU-2, but the Chemtura Corporation (successor to Halby Chemical Company)
is currently in bankruptcy. The U.S. Attorney, on behalf of EPA, is working with the Bankruptcy
Court to resolve this issue.

In an effort to minimize wetland and woodland habitat loss and to reduce remedy costs, Akzo Nobel
voluntarily submitted a request (with supporting documentation, including a 2008 Focused
Feasibility Study) to EPA, proposing that the OU-3 remedy be updated to allow the use of
AquaBlok®, an in-situ capping technology, which would physically isolate the contaminated
sediments in the Upper Arm Swamp Zone. AquaBlok®, a product patented in 1996, was developed
for the purpose of sealing off and isolating contaminated sediments in place without significant
disturbance to existing deepwater or wetland habitats. At the time the OU-3 ROD was signed,
AquaBlok® had not been developed; therefore, it was not available for consideration in 1993.

EPA evaluated Akzo Nobel’s proposal and in August 2008 issued a Proposed Plan based on the
results of this evaluation. EPA subsequently determined that the Superfund process could not move
forward until EPA and the PRP negotiated an Administrative Settlement Agreement and Order on
Consent (AOC) requiring Akzo Nobel to submit a new and expanded Focused Feasibility Study for
EPA’s consideration. The AOC was finalized on November 30, 2009. Akzo Nobel submitted the
Focused Feasibility Study (FFS) in January 2010 and the FFS was finalized in July 2010. Based on
the review of this FFS, EPA has issued a new Proposed Plan to amend the OU-3 1993 remedy.

The first Five-Year Review (FYR) for the ground water remedy (OU-1) was conducted in 1999, and
confirmed that the remedy continues to be protective of human health and the environment. The
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second FYR, conducted in 2005, similarly found the remedy to be protective. Currently EPA is
conducting the third FYR. The results of the review will be known later this year.

Share
Site cleanup activities are being led primarily by potentially responsible parties (PRPs) with
oversight by EPA.

Top of page

Enforcement Activities

In November 1984, EPA Region 4 sent a general notice letter to SCC notifying the company of
potential liability for the contamination at the SCC Sites. In 1986, the PRPs entered into an
Administrative Order on Consent with EPA to perform a Remedial Investigation/Feasibility Study
(RI/FS).

Stauffer Chemical contracted to conduct the RI/FS under a consent agreement with the EPA. In

1990, a Consent Order was executed under which PRPs agreed to perform the remedial
design/remedial action for QU-1.

EPA and the PRP negotiated an Administrative Settlement Agreement and Order on Consent (AOC)
for OU-3. The AOC was finalized on November 30, 2009 and required Akzo Nobel to submit a new
and expanded Focused Feasibility Study for EPA's consideration.

Top of page

Community Involvement

EPA has conducted a range of community involvement activities at the Stauffer sites to solicit
community input and to ensure that the public remains informed about site activities throughout the
site cleanup process. Outreach activities have included public notices, information meetings on

cleanup progress and activities, public comment periods on changes to the cleanup plan, and a
Community Relations Plan completed in 1985.

Most recently, EPA is conducting a 30-day public comment period, starting July 31, 2010 and ending
August 30, 2010, to receive comments on a Proposed Plan to amend the OU-3 ROD.

Top of page

Future Work
The ground water extraction system for OU-1 will continue to operate.
An amended Record of Decision for OU-3 was finalized in 2010.
The next Five-Year Review was completed in 2010.
Top of page
Site Repository
For more information or to view any site related documents, please visit the site information
repository at the following location. As new documents are generated, they will be placed in the
information repository for public information.
Satsuma Public Library

5466 Old Highway 43
Satsuma, AL 36572

For documents not available on the website, please contact the Region 4 Freedom of Information
Office.

Top of page

EPA Home | Privacy and Security Notice | Contact Us
http://www.epa.gov/region4/superfund/sites/npl/alabama/stafimal.htmli#threats
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Serving Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee and 6 Tribes

Contact Us Search: [_
You are here: EPA Home Region4 Superfund

Stauffer Chemical Co. (Cold Creek Plant)

Stauffer Chemical Co. (Cold Creek Plant)

Site Summary Profile

EPA ID: ALD095688875

Location: Bucks, Mobile County, AL
Lat/Long: 30.975000, -088.021380
Congressional District: 01

NPL Status: Proposed: 09/08/1983; Final:
09/21/1984

Affected Media: Ground water, Sediment, Soil
Cleanup Status: Construction Underway -
physical cleanup activities at site have started
Site Reuse/Redevelopment: Continued use -
industrial

Site Manager: Michael Arnett
(arnett.michael@epa.gov)

National Information

CERCLIS Site Profile
Additional Site Documents
Site Location

Site Contaminants of Concern
Site Aliases

Photos/Multimedia

Site Background

Thr inan

Site Cleanup Plan Site Photo Goes Here.

- Additional Site Photos

Cleanup Progress - Site Video

Enforcement ivities Additional Resources
Community Site Cleanup Terms - can be
Involvement found in EPA's glossary

EPA Guides to Cleanu

Future Work "

Additional Documents
Site Background

Technologies
Superfund Community
Involvement (PDF) (17 pp,

130K, About PDF)

The Stauffer Chemical (Cold Creek Plant) Site is located in

Mobile County near Bucks, Alabama, approximately 25 miles

north of the City of Mobile. Adjacent to the site is the Stauffer Chemical (LeMoyne Plant) Superfund
Site. The land surrounding both Superfund sites is predominantly industrial, involving chemical
processing and electrical power generation.

The Cold Creek Plant began operations in 1966, manufacturing a variety of agricultural chemicals.
Wastewaters from the Stauffer processes were held in clay-lined lagoons and discharged to the
nearby 650-acre Cold Creek Swamp until approximately 1975. The plant is currently owned by
Zeneca, Inc. and continues to operate.

Top of page

Threats and Contaminants

Manufacturing processes at both Superfund sites involved numerous contaminants including carbon
disulfide, sulfuric acid, carbon tetrachloride, caustic/chlorine, Crystex (a sulfur compound),
thiocarbamates and various metals including mercury.

Across both Sites, several ponds containing contaminated soils and/or sludges were identified.
Thiocarbamates were detected in the ground water at the Cold Creek Site. Carbon tetrachloride,
carbon disulfide and thiocarbamates were found in wells in nearby off-site property (Courtaulds

property).

Assessments conducted during the late 1980s did not detect any contaminants in nearby drinking
water wells. Therefore, it was concluded that no risk appeared to exist from exposure to
contaminated ground water at the sites. However, humans could be exposed primarily to mercury
contamination by consuming sediments and fish in Cold Creek Swamp.
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Site Cleanup Plan

The cleanup plan for the Stauffer Chemical (Cold Creek Plant) site covers three operable units
(OUs): OU-1: (ground water contamination); OU-2 (various contamination sources found at the
site); and OU-3 (surface water and sediment contamination found in the Cold Creek Swamp). OU-1
and OU-3 are common OUs at both Stauffer Chemical Company (SCC) Superfund Sites.

The Record of Decision (ROD) for OU-1 was issued in 1989. Major components of the cleanup
approach included:

Continued use of existing ground water intercept and treatment system.
Installation of additional ground water extraction wells.

Modifications to ground water treatment system to be determined.
Monitoring of effluent, ground water concentrations and pumping rates.

In 1995, the potentially responsible party (PRP) completed the design for the modification of a
ground water treatment system.

The Record of Decision for OU-2 was issued in 1995. Major components of the cleanup approach
included:

No further action for the Cold Creek LeCreek Wastewater Treatment Pond.

Maintain the cap for the Cold Creek North Landfill and Cold Creek South Landfill, with
continued ground water monitoring.

Bioremediation of contaminated soil, backfilling and capping of the Old Neutralization Pond.

In 1999, the cleanup approach for OU-2 was expanded, through an Explanation of Significant
Differences, by adding excavation and off-site disposal for the more highly contaminated soils in the
Old Neutralization Pond. The OU-3 ROD was issued on 1993. The ROD calls for, among other things,
the excavation of contaminated soil from the Transition Zone area of the Cold Creek Swamp and
disposal of the soil in the Upper Arm Swamp Zone. The Upper Arm would be capped.

In August 2008, EPA issued a Proposed Plan to amend the OU-3 ROD to replace the cleanup plan
selected in the 1993 ROD. The amended ROD will now incorporate installation of an innovative on-
site(in-situ) capping technology within the Upper Arm Swamp Zone and require an enhanced
monitoring program for the Transition Zone. This new capping technology was developed in 1996
and therefore was not available for consideration in 1993.

Further, implementing the new capping technology will result in less wetland loss and wildlife
habitat destruction, while providing a comparable level of protectiveness to that of the capping
technology chosen in 1993. Implementing the new technology will also result in a significant cost
savings. It is estimated that today it would cost $34,930,000 to implement the 1993 ROD. It is
projected that the proposed amended ROD will cost $6,200,000 to implement.
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Clean-up Progress
All components of the ground water extraction system for OU-1 are currently in place operating.
The PRP developed the Remedial Design for OU-2 and is conducting the OU-2 Remedial Action.

In an effort to minimize wetland and woodland habitat loss and to reduce remedy costs, Akzo Nobel
voluntarily submitted a request (with supporting documentation, including a 2008 Focused
Feasibility Study) to EPA, proposing that the OU-3 remedy be updated to allow the use of
AquaBlok®, an in-situ capping technology, which would physically isolate the contaminated
sediments in the Upper Arm Swamp Zone. AquaBlok®, a product patented in 1996, was developed
for the purpose of sealing off and isolating contaminated sediments in place without significant
disturbance to existing deepwater or wetland habitats. At the time the OU-3 ROD was signed,
AquaBlok® had not been developed; therefore, it was not available for consideration in 1993.

EPA evaluated Akzo Nobel’s proposal and in August 2008 issued a Proposed Plan based on the
results of this evaluation. EPA subsequently determined that the Superfund process could not move
forward until EPA and the PRP negotiated an Administrative Settlement Agreement and Order on
Consent (AOC) requiring Akzo Nobel to submit a new and expanded Focused Feasibility Study for
EPA’s consideration. The AOC was finalized on November 30, 2009. Akzo Nobel submitted the
Focused Feasibility Study (FFS) in January 2010 and the FFS was finalized in July 2010. Based on
the review of this FFS, EPA has issued a new Proposed Plan to amend the OU-3 1993 remedy.

The first Five-Year Review (FYR) for the ground water (OU-1) remedy review, conducted in 1999,
confirmed that the remedy continues to be protective of human health and the environment. The
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second FYR, conducted in 2005, similarly found the remedy to be protective. Currently EPA is
conducting the third FYR. The results of the review will be known later this year.

Share
Site cleanup activities are being led primarily by PRPs with oversight by EPA.
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Enforcement Activities
In November 1984, EPA Region 4 sent a general notice letter to SCC notifying the company of
potential liability for the contamination at the SCC Sites. In 1986, the PRPs entered into an

Administrative Order on Consent with EPA to perform a Remedial Investigation/Feasibility Study
(RI/FS).

SCC contracted to conduct the Remedial Investigation/Feasibility Study (RI/FS) under a consent
agreement with the EPA. In 1990, a Consent Order was executed under which PRPs agreed to
perform the remedial design/remedial action for OU-1.

EPA and the PRP negotiated an Administrative Settlement Agreement and Order on Consent (AOC)
for OU-3. The AOC was finalized on November 30, 2009 and required Akzo Nobel to submit a new
and expanded Focused Feasibility Study for EPA;'s consideration.
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Community Involvement

EPA has conducted a range of community involvement activities at the Stauffer Chemical (Cold
Creek Plant) site to solicit community input and to ensure that the public remains informed about
site activities throughout the site cleanup process. Outreach activities have included public notices
and information meetings on cleanup progress and activities.

Most recently, EPA is conducting a 30-day public comment period, starting July 31, 2010 and ending
August 30, 2010, to receive comments on a Proposed Plan to amend the OU-3 ROD.
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Future Work
The ground water extraction system for OU-1 is continuing to operate.
The final phase of the Remedial Action for OU-2 is planned to be completed by the end of 2012.
An amended Record of Decision for OU-3 was finalized in 2010.
The next Five-Year Review was completed in 2010.
Top of page
Site Repository
For more information or to view any site related documents, please visit the site information
repository at the following location. As new documents are generated, they will be placed in the
information repository for public information.
Satsuma Public Library

5466 Old Highway 43
Satsuma, AL 36572

For documents not available on the website, please contact the Region 4 Freedom of Information
Office.

Top of page
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http://www.epa.gov/region4/superfund/sites/npl/alabama/stacocreal.htmi#progress
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ALABAMA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

JAMES W. WARR

DIRECTOR

Birmingham Branch
110 Vulcan Road

Birmingham. Alabama 35209-4702

June 11, 2001

PosTt OFFICE Box 301463 36130-1463 ¢ 1400 Couriseum BLvo. 36110-2059

MONTGOMERY, ALABAMA
WWW ADEM.STATE.AL.US
(334) 271-7700

MEMORANDUM

TO:

THROUGH:

FROM:

RE:

Amy P. Zachry
Special Services Unit
Land Division

> ol

l!\' -
Robert W. Barr, Chief Fé
Environmental Compliance Section, HWB

Land Division

Clethes Stallworth, Chief /‘“ o
Compliance & Enforcement Unit, HWB
Land Division

Nick Wolf #f%
Compliance & Enforcement Unit, HWB
Land Division

Tencel Inc.

DON SIEGELMAN
GOVERNOR

Facsimiles: (334)

Adminisiration: 271-7950
General Counsel: 394-4332
Air: 279-3044

Land: 279-3050

Water: 279-3051
Groundwater: 270-5631
Field Operations: 272-8131
Laboralory: 277-6718
Mining: 394-4326

Education/Outreach: 394-4383

The Compliance & Enforcement Unit has reviewed the information attached. It has been
determined that the Tencel Plant in Mobile, AL is a separate operating unit and is

required to have its own USEPA Identification Number.

The Compliance and

Enforcement Unit requests that a USEPA Identification Number be issued to Tencel, Inc.

Decatur Branch
2715 Sandlin Road, SW
Decatur. Alabama 35603-1333

Mobile Branch
2204 Perimeter Road
Mobile, Alabama 36615-1131

Mobile - Coastal
4171 Commanders Drive
Mobile, Alabama 36615-1421



Relationship between Tencel Inc. and Acordis Cellulosic Fibers Inc.

Acordis Cellulosic Fibers Inc. and Tencel Inc., both of which were originally owned and
operated by Courtaulds Fibers Inc., an Alabama corporation and an indirect subsidiary of
Courtaulds plc, are now separate corporate entities, the result of a series of purchases
and sales that began with the acquisition of Courtaulds plc by Akzo Nobel N.V. of the
Netherlands in 1998. The worldwide fiber businesses of Courtaulds plc and Akzo Nobel
N.V. were then amalgamated into a self-contained commercial organization, Acordis.
Courtaulds Fibers Inc. changed its name to Acordis Cellulosic Fibers Inc. (ACFl) on
October 30, 1998, and remained an Alabama corporation. ACFI owned both the rayon
and Tencel plants in Axis, Alabama at the time the VS| was conducted.

In 1999, CVC Capital Partners approached Acordis and Akzo Nobel N.V. to propose a
venture capital buyout. This buyout became effective December 31, 1999. In the
course of the buyout, the rayon assets of ACFI (the Alabama corporation) were sold to a
newly-formed Delaware corporation, also named Acordis Cellulosic Fibers Inc. At the
same time, the Tencel assets were sold to another newly-formed Delaware corporation,
Tencel Inc. In the process, Acordis Cellulosic Fibers Inc. and Tence! Inc. became
separate corporations. Both are wholly-owned subsidiaries of Acordis U.S. Holding, Inc.,
but have separate and independent managements reporting to different chief executives.
Each corporation has its own Dun & Bradstreet Number.

The sites are physically separated by a railroad line (Norfolk Southern). Each site has
its own 90-day hazardous waste accumulation area, makes its own arrangements for
waste disposal, and prepares its own waste manifests.

All services provided to Tencel Inc. by Acordis Cellulosic Fibers Inc. are provided at
arm'’s length, for compensation, subject to a formal Site Services Agreement.
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Mr. Antwan Parker 1

Alabama Department of Environmental Management _
Land Division koA
1400 Coliseum Boulevard .
Montgomery, AL 36110-2059

¥ 50 e Cea NI TN

Re:  Risk Management Plan
QLT of Alabama LLC in Axis, Alabama - VCP Site No. 461-9329

Dear Mr. Parker:

On behalf of QLT of Alabama, WSP Environment & Energy is submitting one copy of the referenced
document. The enclosed report was developed for Voluntary Cleanup Site No. 461-9329 (former
Acordis Cellulosic Fibers, Inc. facility in Axis, Alabama).

If you have any questions or require additional information, please do not hesitate to call.

Sincerely,

 (Rhd £E

Richard E. Freudenberger
Vice President

REF:cbm:sip

KAQLT of Alabama\Acordis_218287\09_RMP\6_Reporting\20080522 QLT AL RMP CL.doc
Enclosure

cc/encl.: Barry Gerstein, Quanta Holdings

Reynolds Renshaw, Renshaw Consulting Group, LLC
John Stewart, Acordis Cellulosic Fibers, Inc.

John Black, WSP Environment & Energy

Colleen Myers, WSP Environment & Energy

Pat Peterson, WSP Environment & Energy

WSP Environment & Energy

750 Holiday Drive, Suite 410
Pittsburgh, PA 15220

Tel: (412) 604-1040
WSP Group plc Fax: (412) 920-7455
Offices worldwide www.wspenvironmental.com



WSP Group plc
Offices worldwide

RISK MANAGEMENT PLAN
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FORMER ACORDIS CELLULOSIC FIBERS INC.

12740 U.S. HIGHWAY 43
AXIS, ALABAMA

PREPARED
FOR
QLT OF ALABAMA, LLC
BY

WSP ENVIRONMENT & ENERGY

MAY 22, 2008

WSP Environment & Energy

750 Holiday Drive, Suite 410
Pittsburgh, PA 15220

Tel: (412) 604-1040
Fax: (412) 920-7455
www.wspenvironmental.com
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Certification

I certify that I am a qualified groundwater scientist who has received a baccalaureate and a
postgraduate degree in geology and has sufficient training and experience in groundwater
hydrology and related fields, as demonstrated by state registration and completion of accredited
university courses that enable me to make sound professional judgments regarding the
application of geological principals or data. [ certify that the information contained in or
accompanying this Risk Management Plan, dated May 22, 2008, is true, accurate, and complete.
As to those portions of this submittal for which I cannot personally verify the accuracy, I certify
that this submittal and all attachments were prepared at my direction in accordance with
procedures designed to assure that qualified personnel properly gathered and evaluated the
information submitted.
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1.0 Introduction

On behalf of QLT of Alabama, LLC, WSP Environment & Energy (formerly known as
WSP Environmental Strategies) has prepared this Risk Management Plan (RMP) for the former
Acordis Cellulosic Fibers Inc., facility (Property) located at 12740 U.S. Highway 43 in Axis,
Alabama (Figure 1).

The purpose of this RMP is to present the rationale and approach for additional corrective
actions, if required, at the Property. The goal of the actions described in this RMP is to achieve
applicable site-specific risk-based target levels (RBTLs) at the Property as identified in the most
recent Groundwater Monitoring Program, Quarterly Report #12 of 12, Third Quarter 2007, dated
December 11, 2007 (WSP Environmental Strategies 2007). This RMP achieves that purpose by:

. describing ongoing interim corrective actions and monitoring activities

. defining the current Site Conceptual Exposure Model (SCEM)

. defining the cleanup objectives that are required to meet the applicable RBTLs |

® identifying and recommending corrective action technologies that will most

effectively achieve the corrective action objectives based on site conditions

This RMP was developed in accordance with the Alabama Department of Environmental
Management’s (ADEM) Admin. Code R. 335-6-10 (ADEM 2003a), 335-6-11 (ADEM 2003b),
and 335-6-15 (ADEM 2003c), the Alabama Risk-Based Corrective Action (ARBCA) Guidance

Manual (ADEM 2007), and the Alabama Environmental Investigation and Remediation
Guidance (ADEM 2002).
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2.0  Site Characterization

As part of the ARBCA evaluation, the available site data must be reviewed and data gaps
identified. = A comprehensive chronology of events related to reported releases, site
characteristics, and remedial activity, has been developed to describe the soil and groundwater
impacts at the Property.

2.1  Chronology of Events

Acordis retained WSP to design and oversee a comprehensive voluntary assessment of the
entire Property. P.E. LaMoreaux & Associates, Inc., was retained to perform the Stage I field
investigation activities (Stage I Assessment) in October, November, and December 2002, and
subsequently the Stage II field investigation activities (Stage II Assessment), which were
conducted in March and April 2003 (Environmental Strategies 2004a). The results of the
comprehensive two-stage investigation were summarized in the Application and Voluntary
Property Assessment Report (VPAR; Environmental Strategies 2004a) and a Voluntary Cleanup
Plan (VCP), which were submitted to the ADEM on May 5, 2004 (Environmental Strategies
2004b).

During 2004, Environmental Strategies conducted additional delineation and
confirmation sampling activities to evaluate the presence and extent of total petroleum
hydrocarbons (TPH) in soil above applicable regulatory standards in five limited areas of the
site: Fuel Oil Tanks Area, Above Ground Diesel Tanks Area, Hydraulic Press Area, the
Hydraulic Rolls Area, and the Former Non-PCB Transformer Area.

Soil remediation work was performed in 2007 in accordance with the Total Petroleum
Hydrocarbon Soil Excavation Work Plan, submitted on July 5, 2006. During excavation in the
Above Ground Diesel Tanks area, three former underground storage tanks were encountered.
Previously, the tanks had been closed in place by filling the tanks with sand. The tanks were cut
open, the sand was removed, and the areas were properly backfilled. Post-excavation
confirmation samples did not contain concentrations of TPH above the applicable cleanup
standard (100 milligrams per kilogram [mg/kg]). The results of the remedial activities were
provided to the ADEM in the Completion Report, Total Petroleum Hydrocarbon Soil
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Excavation, dated January 21, 2008 (Environmental Strategies 2008). On February 29, 2008, the
ADEM approved no further action (NFA) for these areas.

In accordance with the 2004 VCP (Environmental Strategies 2004b), remedial activities
have been conducted in several other areas of the Property. Although the Stage II Assessment
results revealed no evidence that the Former Non-Hazardous Waste Landfill has impacted soils or
groundwater, the VPAR identified the Former Non-Hazardous Waste Landfill as an area requiring
remedial activities, primarily for aesthetic purposes. Therefore, surface debris was voluntarily
removed and the soil cover restored. The work was conducted -in accordance with the Design
Report, Sludge Lagoon Closure (Environmental Strategies 2005). No further investigation or
remediation of this area is warranted.

With respect to the Sludge Lagoons, the Stage II Assessment revealed no evidence that
the Sludge Lagoons were impacting soils or groundwater; however, permanent closure was one
of several remedial actions identified for the site. The Sludge Lagoons are being closed as a best
management practice to eliminate potential safety concerns. Closure will reduce the potential for
human and ecological exposure to constituents and eliminate the need to remove accumulated
storm water from the lagoons. The ongoing remedial activities being conducted in the Sludge
Lagoon area are detailed in the Design Report, Sludge Lagoon Closure (Environmental
Strategies 2005).

As described in the VPAR (Environmental Strategies 2004a), sulfates identified in many
areas of the site are attributable to the use of sulfur compounds during historical production
operations. In 2004 and 2006, WSP Environmental Strategies conducted additional soil
sampling in the Sodium Sulfate Loading Area; the results indicated that site conditions that lead
to the initial decision to remediate were no longer present. The results of the investigation of the
Sodium Sulfate Loading Area were provided to the ADEM in correspondence dated
September 28, 2006 (WSP Environmental Strategies 2006). On November 16, 2006, the ADEM
issued an NFA for this area; however, the groundwater monitoring program was modified to
include sulfide and sulfate analyses.

2.1.1 Groundwater Monitoring Program

The groundwater monitoring program, a component of the VCP (Environmental
Strategies 2004b), was conducted in accordance with ADEM Administrative Code Rule 335-15
for participation in the Brownfield Redevelopment and Voluntary Cleanup Program
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(ADEM 2003c). Sixteen groundwater monitoring wells (monitoring wells MW-10, MW-12,
MW-14, MW-16, MW-17, MW-18, MW-21, MW-22, MW-24, MW-25, MW-26, MW-27,
MW-29, MW-30, MW-31R, and MW-32) comprised the groundwater monitoring program, and
were monitored for a 3-year period, which began with the fourth quarter 2004 sampling event
(Environmental Strategies 2005a; Figure 2). The final sampling event was conducted in the third
quarter of 2007 (WSP Environmental Strategies 2007). The groundwater monitoring program
included collecting quarterly groundwater elevation data and groundwater samples from
monitoring wells located in the following areas:
B Former Non-Hazardous Waste Landfill: monitoring wells MW-21 (upgradient)
and MW-26 (downgradient)
B Sludge Lagoon area: monitoring wells MW-18 (upgradient) and MW-17
(downgradient)
- Rayon Plant and the Tencel Plant: monitoring wells MW-25 and MW-10
: (upgradient of the Rayon Plant and downgradient of the Tencel Plant)
e sodium hydroxide and diesel tanks and former underground storage tanks:
monitoring well MW-24
s northern property boundary: monitoring wells MW-29 and MW-30
. southern property boundary: monitoring wells MW-12, MW-14, MW-16,
MW-22, MW-27, MW-31R, and MW-32; monitoring well MW-31R replaced
monitoring well MW-31 in December 2005

The groundwater sampling results were compared to preliminary screening values
(PSVs), as requested by ADEM (ADEM 2006a and 2006b). Quarterly groundwater monitoring
reports were submitted to the ADEM subsequent to each sampling event.

2.2  Site Description and Land Use

The Acordis facility is located at 12740 U.S Highway 43 in Axis, Mobile County,
Alabama, approximately 17 miles north of Mobile (Figure 1). Approximately 60 percent of the
site is heavily wooded, 25 percent is vegetated with native grasses, and 10 percent is paved or
otherwise improved with buildings or other structures. The facility is located at latitude 30° 57’
44” N and longitude 88° 00’ 40” W. The plant occupies approximately 580 acres and is bordered
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by U.S. Highway 43 to the west, the Mobile River to the east, Akzo Nobel Functional Chemicals
to the north, and E.I. DuPont De Nemours & Co. to the south. The plant was constructed in 1952
and underwent several expansions until ceasing operations in 2001. The plant produced rayon
staple using the viscose process. In September 2003, the Property was transferred to its current
owner, the Industrial Development Authority of Mobile County. The area surrounding the
facility is predominately industrial, with a small number of rural residential communities within

a few miles of the site,

2.3  Site Hydrology, Geology, and Hydrogeology

The topography of the Property is generally flat ranging from 30 to 40 feet above mean
sea level (MSL), except where creeks have altered the terrain. The highest topographical
elevations at the site are associated with man-made structures (Environmental Strategies 2004a).
2.3.1 Site Hydrology

The Property is located within both the Alluvial-Deltaic Plain and the Coastal Lowland
Districts of the East Gulf Coastal Physiographic Province. The Alluvial Deltaic District consists
of alluvial and terrace deposits and the Coastal Lowlands District areas are characterized by flat
to gently undulating, locally swampy plains underlain by terrigenous deposits of the Holocene
and late Pleistocene ages.

The Acordis facility is located on a terrace of Quaternary alluvium that extends directly
east to the Mobile River. As is characteristic of fluvial deposits, the terraces and floodplain
sediments consist of sand and clay seams and clay beds in lateral and vertical sequence. Drainage
from the site is generally east and northeast toward an unnamed branch of Cold Creek, a tributary
of the Mobile ijer. Although the topography is generally flat, wetlands, manmade relief, and a
maximum relief of 20 to 25 feet occurs where creeks have altered the terrain. The operational
portions of the facility are located within 2,000 feet of the 100-year flood plain for the Mobile
River (Environmental Strategies 2004a).

Water bodies in the immediate vicinity of the facility include the Mobile River (located
directly adjacent to the facility to the east), Cold Creek (located approximately one mile to the
north), and a canal operated by Mobile Water Service System (located approximately 1.5 miles to
the west).
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All storm water runoff at the Property is managed by a runoff collection system;
however, the particular management and discharge method for the runoff depends upon the area
of the facility over which the precipitation falls. Storm water runoff from the primary
manufacturing process areas of the former Rayon Plant drains to underground storm sewers and
is discharged through a diffuser at the primary plant outfall into the Mobile River. Storm water
runoff from other areas of the Property is directed to various surface discharge outfalls around
the plant site. Storm water that falls along the outer perimeter of the Current Non-Hazardous

Waste Landfill is managed in the Storm water Retention Pond prior to final discharge
(Environmental Strategies 2004a).
2.2.2 Site Geology and Hydrogeology

The unsaturated zone in the vicinity of the Property extends to a depth of approximately
50 feet below ground surface (bgs; -10 feet MSL). The near-surface strata are a sequence of
essentially flat-lying terraces composed of poorly consolidated to unconsolidated sands, gravel,
" and silty sandy clay. The uppermost 10 to 15 feet of the unsaturated zone is composed of
relatively impermeable orange to white silty clay to clayey silt. Permeability testing of the
surficial clay performed during a previous investigation indicated permeabilities ranging from
1.6 x 107 centimeters per second (cm/sec) to 4.6x 10" cm/sec (Environmental Strategies 2004a).

The major aquifer of Mobile County is comprised of two formations, which are
hydraulically connected. The Citronelle formation is the uppermost of two formations that
unconformably overlies Miocene sediments. The second aquifer consists of Quaternary alluvium
deposits located within the Mobile River Valley. This aquifer, often referred to as the Alluvial
Aaquifer, is the primary aquifer at the site.

Beneath the unsaturated surficial clay lies the surficial aquifer, approximately 60 to 80 feet
of sand with clay streaks and/or clay lenses. Correlation of minor clay lenses was not possible
between soil borings. The lower 40 feet of the aquifer consists of sand and gravel deposits that are
highly permeable. Groundwater elevations in shallow and deep nested wells on the Property
(DuPont wells MOB-83/84 and MOB-85/86) are the same in each well pair, indicating that there
are no significant vertical gradients and that the surficial aquifer is a single, continuous aquifer.
The sediments that comprise the surficial aquifer are Pleistocene or Holocene age and were
deposited during the transgressive-regressive cycles of the Gulf of Mexico, with influence by the
migrating course of the Mobile River (Environmental Strategies 2004a).
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A bluish clay at a depth of approximately 120 feet (elevation averaging —80 feet MSL) is
believed to be Miocene in age and is the first significant confining unit encountered beneath the
surficial aquifer. The clay is persistent across the Property. The boring for process well PW-15
was drilled to a total depth of 410 feet and encountered 38 feet of the clay. The boring for process
well PW-7 was drilled to 402 feet bgs and encountered 28 feet of the clay. Data obtained during
the installation of monitoring wells and the Stage | Assessment activities confirm the extent of the
Miocene clay layer (Environmental Strategies 2004a).

24 Water Use

As part of the VPAR (Environmental Strategies 2004a), a database search of potable water
wells located near the Acordis facility was obtained from Environmental Data Resources (EDR).
Results of the search indicate that three wells are located within a 1-mile radius. One well, located
on the northeastern portion of the site, is listed on the Federal FRDS Public Water Supply System
database (PWS Id # AL0001027) as an active well. Use of this well was terminated by Acordis in
the mid 1990s.

A second well, located 0.50-mile east-northeast of the site is listed on the Federal U.S.
Geological Survey (USGS) database (Id # 305743088010301) as being constructed in 1951 and
completed at a depth of 123 feet bgs. The well was measured in 1951 and is estimated to be at
an altitude of 43.10 feet MSL and depth to water was approximately 22.10 feet bgs.

The third well identified in the EDR report is located within 1.0 mile north of the site and
is listed on the State of Alabama database (Id # AL00001036; well Id: 1028). The system name
is listed as Zeneca Inc. and the source is CC-13. No other information was available for this
well.

The ADEM, Groundwater Branch of the Water Division provided additional information
on wells in the area of the site. The ADEM (www.adem.state.al.us) provided a compact disc

containing the file: Geological Survey of Alabama, Hydrogeology and Vulnerability to
Contamination of Major Aquifers in Alabama: Area 13. According to the information provided
by the ADEM, four public water supply wells are located within a 1-mile radius of the facility.
One well, located approximately 0.5 mile north of the site is listed as the MCB Water & Fire
Protection system. Reportedly, the well was installed in 1996. Three wells, located south of the
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site, are identified on the LeMoyne Water System, Inc., system and were installed in 1973, 1982,
and 1992. No other information was available for these wells.

All of the water wells identified above are upgradient of any former operations conducted
at the Property and, thus, could not have been impacted by such operations.

The area is serviced by the local public water authority. Several water supply wells exist
on the property that would allow ingestion of groundwater; however, the power supply to these
wells has been removed and they have not been used since 2002. Therefore, no exposure to
groundwater by onsite personnel is anticipated, and no changes are expected for onsite
groundwater withdrawal. As part of the recommended actions presented in Section 7.0, the

supply well exposure pathway will be eliminated.

2.5 Release Scenario and Source Characterization

The Stage I and Stage II Assessments and additional subsurface investigations, indicate
that soil and groundwater impacts at the Property are limited, and the vast majority of the areas
investigated do not contain constituents formerly used in the Acordis manufacturing process at
levels above appropriate regulatory standards.
2.5.1 Chemicals of Concern

The groundwater samples collected as part of the groundwater monitoring program are
analyzed for volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs),
dissolved metals, mercury (dissolved), sulfate, and pH by U.S. Environmental Protection Agency
(EPA) Methods 8260B, 8270C, 6010B, 7470A, and Standard Method 150.1 and 3754,
respectively. In addition, select groundwater samples collected as part of the g